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(57) After a hole is formed in the polishing pad 21 , 
a transparent window plate 31 is Inserted into this hole. 
Here, a gap a is left between the upper surface of the 
transparent window plate 31 and the outermost surface 
constituting the working surface of the polishing pad 21 . 
During polishing, the polishing head holding the wafer 
applies a load to the polishing pad by means of a load- 
applying mechanism, so that the polishing pad 21 and 



transparent window plate 31 are compressed. In this 
case, [the system is] arranged so thatthe gap a remains 
constant, and so that a dimension equal to or greater 
than a standard value is maintained. Since the upper 
surface of the transparent window plate 31 is recessed 
from the upper surface of the polishing pad 21 , there is 
no scratching of the surface of the transparent window 
plate 31 during dressing. Accordingly, the polishing pad 
has a long useful life. 
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Description 

Background Technology 

[0001] The present invention relates to a polishing 
body, polishing apparatus, polishing apparatus adjust- 
ment method and polished film thickness or polishing 
endpoint measurement method which are suitable for 
use in the polishing of semiconductor devices in a meth- 
od for manufacturing semiconductor devices such as 
ULSI [devices), etc., and to a semiconductor device 
manufacturing method. 

[0002] As semiconductor integrated circuits have be- 
come finer and more highly integrated, the individual 
processes involved in semiconductor manufacturing 
process es have become more numerous and compli- 
cated. As a result, the surfaces of semiconductor devic- 
es are not always fiat. The presence of step differences 
on the surfaces of semiconductor devices leads to step 
breakage of wiring and local increases in resistance, 
etc., and thus causes wiring interruptions and drops in 
electrical capacitance. In insulating films, furthermore, 
[such step differences] also lead to a deterioration in the 
withstand voltage and the occurrence of leaks. 
[0003] Meanwhile, as semiconductor integrated cir- 
cuits have become finer and more highly integrated, the 
wavelengths of lightsources in semiconductor exposure 
apparatuses used in photolithography have become 
shorter, and the numerical aperture or so -called NA of 
the projection lenses used in such semiconductor expo- 
sure apparatuses has become larger. As a result, the 
focal depth of the projection lenses used in such semi- 
conductor exposure apparatuses has become substan- 
tially shallower. In order to deal with such increasing 
shallowness of the focal depth, there is a demand for 
even greater penalization of the surfaces of semicon- 
ductor devices than that achieved so far. 
[0004] To describe this in concrete terms, planariza- 
tion techniques such as that shown in Figure 1 have be- 
come essential in semiconductor [manufacturing] proc- 
esses. A semiconductor device 14, and inter-layer insu- 
lating film 1 2 consisting of SiO a and a metal film 13 con- 
sisting of Al are formed on the surface of a silicon wafer 
11. Figure 1 (a) shows an example of the planarization 
of an inter-layer insulating film 12 oh the surface of the 
semiconductor device. Figure 1 (b) shows an example 
in which a so-called damascene is formed by polishing 
a metal film 1 3 on the surface of the semiconductor de- 
vice. 

[0005] A chemical mechanical polishing or chemical 
mechanical plarization (hereafter referred to as "CMP") 
technique is widely used as a method for planarizing the 
surfaces of such semiconductor devices. Currently, the 
CMP technique is the sole method that can be used to 
planarize the entire surface of a silicon wafer. 
[0006] CM P was developed on the basis of silicon wa- 
fer mirror surface polishing methods. Figure 2 is a sche- 
matic structural diagram of a polishing (planarization) 
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apparatus used in CMP. This polishing apparatus is con- 
structed from a polishing member 15, an object of pol- 
ishing holding part (hereafter referred to as a "polishing 
head" in some instances) 1 6, and a polishing agent sup- 

5 ply part 1 8. Furthermore, a silicon wafer 1 7 which is the 
object of polishing is attached to the polishing head 1 6, 
and the polishing agent supply part 18 supplies a pol- 
ishing agent (slurry) 19. The polishing member 15 is 
formed by attaching a polishing body (hereafter referred 

10 to as a "polishing pad 0 in some instances) 21 to the sur- 
face of a platen 20. 

[0007] The silicon wafer 17 is held by the polishing 
head 1 6, so that it is caused to oscillate while being ro- 
tated, and is pressed against the polishing body 21 of 

15 the polishing member 15 with a specified pressure. The 
polishing member 1 5 is also rotated, so that a relative 
motion is performed between [the polishing member 15 
and] the silicon wafer 17. In this state, the polishing 
agent 1 9 is supplied to the surface of the polishing body 

20 21 from the polishing agent supply part 1 8. The polishing 
agent 1 9 diffuses over the surface of the polishing body 
21 , and enters the space between the polishing body 21 
and the silicon wafer 1 7 as the polishing member 1 5 and 
silicon wafer 1 7 move relative to each other, so that the 

25 polishing surface of the silicon wafer 1 7 is polished. Spe- 
cifically, good polishing is accomplished by a synergistic 
effect of the mechanical polishing caused by the relative 
motion of the polishing member 1 5 and silicon wafer 1 7 
and the chemical action of the polishing agent 19. 

30 [0008] The relationship between the amount of pol- 
ishing of a silicon wafer and the above-mentioned pol- 
ishing conditions is given by an empirical formula known 
as theformula of Preston, which is indicated by Equation 
d). 

35 

FUkxPxV (1) 

[0009] Here, R is the amount of polishing of the silicon 

40 wafer, P is the pressure per unjt area with which the sil- 
icon wafer is pressed against' the polishing body, V is 
the relative linear velocity caused by the relative motion 
between the polishing member and the silicon wafer 
and k is a proportionality constant. 

45 [0010] Conventionally, the endpoint of CMP polishing 
has been determined by time control using the formula 
of Preston on the basis of the polishing rate calculated 
by means of film thickness measurement using an ellip- 
someter, etc., after polishing several tens of dummy 

so samples and performing a cleaning process. In CMP, 
however, variation occurs in the polishing rate because 
of the temperature distribution of the polishing body and 
local differences in the polishing agent supply condi- 
tions. Furthermore, because of variations in the surface 

55 conditions of the polishing body, the polishing rate drops 
with the number of wafers processed, and there are dif- 
ferences in the polishing rate due to individual differenc- 
es between polishing bodies, etc. Accordingly, it is diffi- 
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cult to determine the endpoint [of polishing] by perform- 
ing a specified amount of polishing using time control. 
[001 1] Furthermore, the time control method requires 
polishing work using as many as several tens of dummy 
samples in order to determine the polishing rate. Ac- 
cordingly, this polishing work results in increased costs, 
and is therefore undesirable for stabilizing the semicon- 
ductor device manufacturing process and reducing pro- 
duction costs. 

[0012] For such reasons, methods in which the end- 
point [of polishing] is determined while measuring the 
motor torque or vibration, etc., in situ have been pro- 
posed as a substitute for endpoint determination by time 
control. Such methods are effective to some extent in 
the caise of CMP in which the material that is the object 
of polishing varies (e.g., CMP of wiring materials or CMP 
in which there are stopper layers). However, in the case 
of silicon wafers that have complicated patterns, there 
is little variation in the material that is the obj ect of pol- 
ishing; accordingly, there are cases in which it is difficult 
to ascertain the endpoint. Furthermore, in the case of 
CMP of inter-layer insu lating films, it is necessary to con- 
trol the inter-wiring capacitance; accordingly, control of 
the residual film thickness is required ratherthan control 
of the polishing endpoint. It is difficult to measure the 
film thickness using a method in which the endpoint is 
ascertained by in-situ measurement of the motor torque 
or vibration, etc. 

[0013] Recently, optical measurements, especially in- 
situ endpoint detection and in -situ film thickness meas- 
urement based on the measurement of spectroscopic 
reflections, have come to be viewed as effective means 
of solvingthe above-mentioned problems. For instance, 
one example of such measurement is described in USP 
5,433,651. In regard to the construction used for such 
in-situ measurements, a common method is a method 
in which an opening part 22 used for measurement is 
formed in the platen 20 and polishing body 21 a shown 
in Figure 2, and the surface of the object of polishing is 
observed by means of a polished-state measuring de- 
vice 23 that measures the polished state via this opening 
part 22. Although this is not shown in Figure 2, a trans- 
parent window is generally installed in the polishing 
body 21 , etc., in order to close off the opening part. By 
installing such a window, it is possible to allow the meas- 
urement light from the polished-state measuring device 
33 to pass through the window, while preventing the pol- 
ishing agent 19 from leaking into the polished-state 
measuring device 23 via the opening part 22. In cases 
where no window is installed, the slum/ and water used 
in cleaning, etc., leak from this area; as a result, a com- 
plicated climate is required, so that the apparatus be- 
comes complicated. 

[0014] A so-called foam polishing pad consisting of a 
foam polyurethane has been used in the past as the pol- 
ishing body 21. However, in the case of foam poly- 
urethane polishing pads, the polishing agent causes 
clogging, so that the polishing characteristics are unsta- 



ble. Accordingly, in the case of foam polyurethane pol- 
ishing pads, dressing of the polishing. pad surface is 
generally performed by means of a diamond grinding 
wheel in order to perform stable polishing. Dressing is 

s a treatment which removes the polishing agent that has 
clogged [the surface of the polishing pad], and which at 
the same time cuts away the surface of the foam poly- 
urethane polishing pad, so that a fresh polishing pad 
surface is created. Recently, furthermore, non-foam pol- 

10 ishing bodies that do hot require dressing have also be- 
gun to be used. 

[0015] In cases where a window used for measure- 
ment is formed in the polishing pad for the purpose of 
performing the above-mentioned optical measure- 
rs ments, because the polishing body is generally not 
transparent, it is necessary to install a transparent ma- 
terial that differs from the material of the polishing body 
in the area where the window is formed. Since this ma- 
terial generally differs from the material of the polishing 
20 body in terms of mechanical properties, there is a seri- 
ous danger that this material will cause differences in 
the polishing rate, non-uniformity of polishing, and 
scratching. Furthermore, the following problem also 
arises: since the window is scratched so that ft becomes 
25 optically opaque at the same time that the polishing 
body (polishing pad) is cut away during the above-men- 
tioned dressing, in-situ measurement becomes impos- 
sible. 

[0016] Furthermore, since the polishing agent is dis- 
30 charged onto the polishing body during polishing, ob- 
servation must be performed through the polishing 
agent as well. Since the polishing agent, which is a dis- 
persion, causes attenuation of the measurement light, 
it is better if the amount of polishing agent that is inter- 
as posed in the measurement light path when high-preci- 
sion measurements are being performed is small. Spe- 
cifically, if there is a step difference between the surface 
of the polishing body and the surface of the window on 
the side of the object of polishing, the polishing agent 
40 will accumulate in the opening part and cause attenua- 
tion of the measurement light; accordingly, it is better if 
there is no such step difference. 
[0017] Furthermore, in order to reduce the loss of the 
intensity of the light that is used to measure the polished 
45 state, it is desirable to form an anti-reflection film on the 
opposite surface of the window from the side of the sil- 
icon wafer. However, in cases where an anti-reflection 
film is formed on a window that is manufactured from a 
soft material, cracks are formed in the anti- reflection film 
so as a result of the bending of the window; furthermore, 
since the glass transition temperature of the window is 
low, the window may expand or contract as a result of 
temperature changes, so that cracks are formed in the 
anti-refiection film. Accordingly, in cases where the win- 
55 dow is manufactured from a soft material, the problem 
is that the formation of an anti-reflection film is difficult. 
[0018] Furthermore, incases where a soft transparent 
material that does not cause scratching of the silicon wa- 
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fer, e.g., a polyurethane, nylon or soft acrylic [resin], etc., 
is disposed in the opening part, the pressure that is ap- 
plied to the window fluctuates when the opening part 
moves beneath the silicon wafer as a result of the rota- 
tion of the platen, so that the window that is installed 
undergoes deformation, thus causing optical distortion. 
As a result of this distortion, the window acts as a lens, 
etc., so that there is a problem in that detection of the 
polishing endpoint and measurement of the film thick- 
ness become unstable. 

[0019] Furthermore, the problem of erroneous meas- 
urement arises in cases where the polished film thick- 
ness or polishing endpoint is measured without a con- 
stant thickness of the polishing agent between the win- 
dow and the object of polishing. 

Disclosure of the Invention 

[0020] The first object of the present invention is to 
solve the above -mentioned problems, and to provide 
[a] a polishing body which is used in a polishing appa- 
ratus that is capable of measuring the polished state by 
means of light, namely [i] a polishing body that does not 
cause instability in polishing, [ii] a polishing body which 
has a measurement window that does not require a 
complicated mechanism, [iiij a polishing body that does 
not suffer from problems such as scratching during 
dressing, etc., and [iv] a polishing body that does not 
cause instability in the detection of the polishing end- 
point in situ, and [b] a polishing apparatus which uses 
such polishing bodies. 

[0021] Furthermore, [the first object of the present in- 
vention also includes] the provision of [a] a polishing ap- 
paratus which is capable of measuring the polished 
state by rheans of light, and in which there is no scratch- 
ing of the polishing body or instability in measurement, 
and [b] a polishing apparatus adjustment method and 
polishing endpoint determination method in which there 
is no erroneous measurement in the measurement of 
the polished film thickness or polishing endpoint. 
[0022] The second object of the present invention is 
to provide a semiconductor device manufacturing meth- 
od in which the process is made more efficient by reduc- 
ing the cost of the polishing process and detecting the 
polished state with good precision as a result of the use 
of the above-mentioned polishing apparatus, po lishing 
apparatus adjustment method and polishing endpoint 
determination method, and which therefore makes it 
possible to manufacture semiconductor devices at a 
lower cost than conventional semiconductor device 
manufacturing methods. 

[0023] The first invention [of the present application] 
which is used in order to achieve the above-mentioned 
first object is a polishing body used in a polishing appa- 
ratus [a] which is equipped with [i] a polishing head that 
holds the object of polishing and [ii] a polishing body, 
and [b] which polishes the above-mentioned object of 
polishing by causing relative motion between the above- 



mentioned polishing body and the above -mentioned 
object of polishing in a state in which a polishing agent 
is interposed between the above -mentioned polishing 
body and the above-mentioned object of polishing; this 
s polishing body being characterized by the fact that [a] 
one or more opening parts which are used to allow the 
passage of measurement light that optically measures 
the surface that is being polished on the above-men- 
tioned object of polishing are formed in the above-men- 
10 tioned polishing body, [b] window plates that are trans- 
parent to at least the measurement light are fit into. the 
above-mentioned opening parts, and [c] the gap be- 
tween the outermost surface of the above-mentioned 
polishing body (i.e., the surface that contacts the object 
15 of polishing) and the surfaces of the above-mentioned 
window plates on the side of the above-mentioned out- 
ermost surface in an unloaded state is adjusted so that 
this gap is greater than the amount of compressive de- 
formation of the above-mentioned polishing body [that 
occurs] when the polishing load is applied (Claim 1). 
[0024] In the present invention, the gap between the 
outermost surface of the above-mentioned polishing 
body and the surfaces of the above-mentioned window 
plates on the side of the above-mentioned outermost 
surface (hereafter referred to as the "upper surfaces" [of 
the window plates] in some instances]) in an unloaded 
state is adjusted so that this gap is greater than the 
amount of compressive deformation of the above-men- 
tioned polishing body [that occurs] when the polishing 
load is applied. Accordingly, even if the above-men- 
tioned polishing body should contract as a result of com- 
pressive deformation when the polishing load is applied, 
the outermost surface of the polishing body will be closer 
to the object of polishing than the outermost surfaces of 
the window plates: Accordingly, even when the polishing 
load is applied, the window plates will not contact the 
object of polishing; consequently, scratching of the win- 
dow plates can be prevented. 

[0025] The second invention [of the present applica- 
tion] which is used in order to achieve the above-men- 
tioned first object is a polishing body used in a polishing 
apparatus [a] which is equipped with [i] a polishing head 
that holds the object of polishing and [ii] a polishing body, 
and [b] which polishes the above-mentioned object of 
polishing by causing relative motion between the above- 
mentioned polishing body and the above-mentioned ob- 
ject of polishing in a state in which a polishing agent is 
interposed between the above -mentioned polishing 
body and the above-mentioned object of polishing; this 
polishing body being characterized by the fact that [a] 
one or more opening parts which are used to allow the 
passage of measurement light that optically measures 
the surface that is being polished on the above-men- 
tioned object of polishing are formed in the above-men- 
tioned polishing body, [b] window plates that are trans- 
parent to at least the measurement light are fit into the 
above-mentioned opening parts, and [c] the above- 
mentioned window plates are constructed by laminating 
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two or more plates consisting of transparent materials 
(Claim 2). 

[0026] In the present invention, the window plates dis- 
posed in the opening parts are formed by laminates of 
two or more plates consisting of transparent materials. 
Accordingly, in one window, the compressive elastic 
modulus (hardness) of the surface located on the side 
of the object of polishing and the compressive elastic 
modulus (hardness) of the surface located on the oppo- 
site side from the object of polishing can be caused to 
differ by varying the compressive elastic modulus (hard- 
ness) of the transparent material located on the side of 
the object of polishing and the compressive elastic mod- 
ulus (hardness) of the other transparent material(s). Ac- 
cordingly, the compressive elastic moduli (hardness val- 
ues) of the respective window materials can be set at 
ideal values, so that the compressive elastic modulus 
(hardness) of [each] window as a whole can also be set 
at an ideal value. Furthermore, the present invention 
can also be applied to the invention clamed in Claim 1 . 
[0027] The third invention [of the present application] 
which is used in order to achieve the above-mentioned 
first object is the invention claimed in Claim 2, which is 
[further] characterized by the fact that the above-men- 
tioned window plates [each] consist of two plates of 
transparent materials that are laminated [together], and 
by the fact that among these plates of transparent ma- 
terials, the compressive elastic modulus of the transpar- 
ent material plate that is located on the side of the 
above-mentioned object of polishing is set at a smaller 
value than the compressive elastic modulus of the trans- 
parent material plate that is located on the opposite side 
from the above-mentioned object of polishing (Claim 3). 
[0026] As a result, the transparent material plate lo- 
cated on the opposite side from the object of polishing 
consists of a material that has a large compressive elas- 
tic modulus (i.e., a hard material). Accordingly, deforma- 
tion of the windows is eliminated, so that there is no in- 
stability in the detection of the polishing endpoint or in- 
stability in the measurement of the film thickness due to 
deformation of the windows. 

[0029] The fourth invention [of the present applica- 
tion] which is used in order to achieve the above-men- 
tioned [first] object is the invention claimed in Claim 2 or 
Claim 3, which is [further] characterized by the fact that 
the compressive elastic modulus e of the transparent 
material on the side of the above-mentioned object of 
polishing (among the above-mentioned transparent ma- 
terials) is such that 2.9 x 10 7 Pa <> e£ 1.47 x 10 9 Pa, 
and is more or less the same as the compressive elastic 
modulus of the polishing body (Claim 4). 
[0030] As a result, since the compressive elastic mod- 
ulus of the transparent material on the side of the object 
of polishing has more or less the same value as the com- 
pressive elastic modulus of the polishing body, scratch- 
ing of the object of polishing as a result of the window 
material protruding from the surface of the polishing 
body and contacting the object of polishing when defor- 



mation [of the window material] is caused by the load 
applied during polishing is eliminated. Furthermore, 
non-uniform polishing is also eliminated. 
[0031] The fifth invention [of the present application] 
5 which is used in order to achieve the above-mentioned 
first object is a polishing body used in a polishing appa- 
ratus [a] which is equipped with [i] a polishing head that 
holds the object of polishing and [ii] a polishing body, 
and [b] which polishes the above-mentioned object of 
10 polishing by causing relative motion between the above- 
mentioned polishing body and the above-mentioned ob- 
ject of polishing in a state in which a polishing agent is 
interposed between the above-mentioned polishing 
body and the above-mentioned object of polishing; this 
15 polishing body being characterized by the fact that [a] 
one or more opening parts which are used to allow the 
passage of measurement light that optically measures 
the surface that is being polished on the above-men- 
tioned object of polishing are formed in the above-men- 

20 tioned polishing body, [b] window plates that are trans- 
parent to at least the measurement light are fit into the 
above-mentioned opening parts, and [c] the surfaces of 
the above-mentioned window plates on the side of the 
above-mentioned object of polishing are recessed with 

25 respectto the surface of the above-mentioned polishing 
body, with the amount of this recess being varied in a 
stepwise or continuous manner (Claim 5). 
[0032] In such a polishing body, the amount of recess 
of the window plates with respect to the surface of the 

30 polishing body varies; accordingly, even if scratches are 
formed in the surfaces of the window plates by dressing 
or polishjng due to deformation of the polishing body, 
etc., the extent of the scratches is limited to a certain 
area. Accordingly, in cases where such scratching oc- 

35 curs, in-situ measurement of the polished state can be 
accomplished by selecting an area that is free of 
scratches, and using this area to observe the polished 
surface of the object of polishing, so that the frequency 
of replacement of the polishing body or window plates 

40 can be reduced. As a result, the cost of polishing can 
be reduced. 

[0033] Furthermore, since the polishing agent enters 
the areas between the portions corresponding to the 
surface parts of the polishing body in the opening parts 

45 and the surface parts of the window plates, so that the 
measurement light is absorbed by a corresponding 
amount, it is desirable that the [above-mentioned] 
amount of recess be as small as possible. However, if 
this amount of recess is set at a shallow value, the win- 

50 dows tend to be scratched for the reasons described 
above. The present invention solves this trade-off. Spe- 
cifically, this trade-off is solved by performing in-situ 
measurements using opening parts in which the amount 
of recess is as small as possible, and using unscratched 

55 portions in areas where the amount of recess is deep in 
cases where the above-mentioned windows become 
scratched. 

[0034] The sixth invention [of the present application] 
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which is used in order to solve the above-mentioned first 
object is the invention claimed in Claim 5, which is [fur- 
ther] characterized by the fact that [the polishing body] 
has a plurality of the above-mentioned opening parts, 
and the above-mentioned amount of recess varies in a 
stepwise manner as a result of this amount of recess 
being different in each of the above-mentioned opening 
parts (Claim 6). 

[0035] As a result, when the polished state of the ob- 
ject of polishing is observed by means of the [above- 
mentioned] device that measures the polished state, 
even if the windows in the opening parts in which the 
amount of recess is small are scratched as a resujt of 
dressing or polishing, there is no scratching of the win- 
dows in the opening parts in which the amount of recess 
is large. Accordingly, for the reasons described above, 
in-situ measurement of the polished state can be ac- 
complished by first using opening parts in which the. 
amount of recess is small for measurement, and then, 
in cases where these windows become scratched, 
switching the observation of the polished state of the 
object of polishing by means of the [above-mentioned] 
device that measures the polished state to windows in 
opening parts in which the amount of recess in the initial 
state is different, so that [the windows] are unscratched. 
[0036] The seventh invention [of the present applica- 
tion] which is used in order to achieve the above-men- 
tioned first object is the invention claimed in Claim 5, 
which is [further] characterized by the fact that the 
above-mentioned amount of recess varies in a stepwise 
manner as a result of this amount of recess being dif- 
ferent in two or more portions within the same opening 
part (Claim 7). 

[0037] As a result, in cases where a portion of a win- 
dow plate being used for measurement (in most cases, 
a portion in which the amount of recess is small) be- 
comes scratched during the observation of the polished 
state of the object of polishing by means of the [above- 
mentioned] device that measures the polished state, in- 
situ measurement of the polished state can be accom- 
plished by switching the observation of the polished 
state of the object of polishing by means of the [above- 
mentioned] device that measures the polished state to 
a portion of the. window plate in which the amount of re- 
cess in the initial state is different, so that [this portion 
of the window plate] is unscratched. 
[0038] The eighth invention [of the present applica- 
tion] which is used in order to achieve the above-men- 
tioned first object is the invention claimed in Claim 5, 
which is [further] characterized by the fact that the 
above-mentioned window plates are parallel flat-plate- 
form transparent plates, and the above-mentioned win- 
dow plates are installed at an inclination with respect to 
the surface of the above-mentioned polishing body, so 
that the above-mentioned amount of recess varies in a 
continuous manner (Claim 8). 

[0039] As a result, in cases where a portion of a win- 
dow plate being used for measurement (in most cases, 



a portion in which the amount of recess is small) be- 
comes scratched during the observation of the polished 
state of the object of polishing by means of the [above- 
mentioned] device that measures the polished state, in- 

5 situ measurement of the polished state can be accom- 
plished by switching the observation of the polished 
state of the object of polishing by means of the [above- 
mentioned] device that measures the polished state to 
a portion of the window [plate] in which the amount of 

10 recess in the initial state is different, so that [this portion 
of the window plate] is unscratched. 
[0040] The ninth invention [of the present application] 
which is used in order to achieve the above-mentioned 
first object is a polishing body used in a polishing appa- 

15 ratus [a] which is equipped with [i] a polishing head that 
holds the object of polishing and [ii] a polishing body, 
and [b] which polishes the above-mentioned object of 
polishing by causing relative motion between the above- 
mentioned polishing body and the. above-mentioned ob- 

20 ject of polishing in a state in which a polishing agent is 
interposed between the above-mentioned polishing 
body and the above-mentioned object of polishing; this 
polishing body being characterized by the fact that [a] 
one or more opening parts which are used to ajlow the 

25 passage of measurement light that optically measures 
the surface that is being polished on the above-men- 
tioned object of polishing are formed in the above-men- 
tioned polishing body, [b] window plates that are trans- 
parent to at least the measurement light are fit into the 

30 above-mentioned opening parts, [c] the surfaces of the 
above-mentioned window plates on the side of the 
above -mentioned object of polishing are recessed with 
respect to the surface of the above-mentioned polishing 
body, and [d] the above-mentioned window piates are 

35 constructedfromaplatematerialconsisting of a plurality 
of sheets of a transparent material that can be stripped 
away (Claim 9). 

[0041] In the present means, incases where thesur- 
face of a window plate that is being used for measure- 

40 ment becomes scratched when the polished state of the 
object of polishing is observed by means of the [above- 
mentioned] device that measures the polished state, in- 
situ measurement of the polished state can be accom- 
plished by stripping away the scratched plate material, 

45 so that the underlying plate material is exposed at the 
surface [of the window plate]. 

[0042] The tenth invention [of the present application] 
which is used in order to achieve the above-mentioned 
first object is the invention claimed in any of Claims 1 

so through 9, which is [further] characterized by the fact 
that the minimum value G of the gap between the out- 
ermost surface of the above-mentioned polishing body 
and the surfaces of the above-mentioned window plates 
on the side of the above-mentioned outermost surface 

55 is such that 0u.m<G^ 400 |im (Claim 10). 

[0043] In cases where an ordinary polishing agent is 
considered, if the gap G (amount of recess) between the 
above-mentioned outermost surface [of the polishing 
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body] and the surfaces of the window plates on the side 
oftheabove-mentionedoutermostsurface exceeds 400 
jim, the measurement light is absorbed by the polishing 
. agent that enters this gap (hole), so that it becomes dif- 
ficult to measure the state of the polished surface of the 
object of polishing. Accordingly, it is desirable that this 
gap be 400 nm or less in positions where the measure- 
ment light passes through. In cases where this gap 
(depth) differs according to location within a single open- 
ing part or between different opening parts, measure- 
ments can be performed using portions where the gap 
is within this range, as along as the minimum value G 
of the gap between [the outermost surface of the polish- 
ing body] and the surfaces [of the window plates] on the 
side of this outermost surface is set so that this minimum 
value is within the above-mentioned range. Further- 
more, since the amou nt of recess is at least greater than 
zero, contact between the window plates and the object 
of polishing is eliminated. 

[0044] The eleventh invention [of the present applica- 
tion] which is used in order to achieve the above-men- 
tioned first object is the invention claimed in any of 
Claims 1 through 9, which is [further] characterized by 
the fact that the minimum value G of the gap between 
the outermost surface of the above-mentioned polishing 
body arid the surfaces of the above-mentioned window 
plates on the side of the above-mentioned outermost 
surface is such that 10 |xm < G ^ 200 jim (Claim 11). 
[0045] As was described above, it is desirable that the 
minimum value G of the gap between the outermost sur- 
face of the polishing body and the surfaces of the win- 
dow plates on the side of this outermost surface be 400 
^im or less. In the present invention, however, this gap 
G is limited to 200 \um or less as an even more desirable 
range. Furthermore, this gap G is limited to 10 \im or 
greater as a desirable range that tends to prevent the 
window bodies from flying off of the surface of the pol- 
ishing body. 

[0046] The twelfth invention [of the present applica- 
tion] which is used in order to solve the above-men- 
tioned problems is the invention claimed in any of 
Claims 1 through 9, which is [further] characterized by 
the fact that the gap G between the outermost surface 
of the above-mentioned polishing body and the surf aces 
of the above-mentioned window plates on the side of 
the above-mentioned outermost surface (the maximum 
value of G in cases where the gap G differs within a sin- 
gle opening part or between different opening parts) is 
such that 0 \xm < G £ (90% of the thickness of the pol- 
ishing body), and the thickness f of the above-men- 
tioned window plates (the minimum value [of the thick- 
ness in cases where this thickness t differs within a 
single opening part or between different opening parts) 
is such that t £ (10% of the thickness of the polishing 
body) (Claim 12). 

[0047] As a result, contact between the windows and 
the object of polishing is eliminated, so that there is no 
scratching of the object of polishing or scratching of the 



windows. Furthermore, since the depth of the recessed 
parts is not too deep> the attenuation of the measure- 
ment light caused by slurry entering the recessed parts 
so that stable measurement becomes Impossible can 
5 be prevented. Moreover, since the thickness of the win : 
dows is not too thin, deformation of the windows can be 
eliminated, so that there is no instability in the detection 
of the polishing endpoint or instability in the measure- 
ment of the film thickness due to deformation of the win- 
to dows. 

[0048] The thirteenth invention [of the present appli- 
cation] which is used in order to solve the above-men- 
tioned problems is the invention claimed in any of 
Claims 1 through 12, which is [further] characterized by 
15 the fact that at least the surfaces of the above-men- 
tioned window plates located on the side of the object 
of polishing are coated with a hard coating (Claim 13). 
[0049] In spite of the fact that the gap between . the 
outermost surface of the polishing body and the surfac- 
20 es of the window plates on the side the above-men- 
tioned outermost surface is set with the load during pol- 
ishing being taken into account so that the window 
plates do not contact the wafer or the retainer ring of the 
polishing head, the window plates may on rare ocea- 
ns sions make unexpected contact with the wafer or retain- 
er ring of the polishing head due to irregular vibrations 
during polishing, so that scratching occurs. Accordingly, 
in order to prevent this, it is desirable that at least the 
surfaces of the window plates that are jocated on the 
30 wafer side be coated with a hard coating. 

[0050] The fourteenth invention [of the present appli- 
cation] which is used in orderto achieve the above-men- 
tioned first object is the invention claimed in any of 
Claims 1 through 13, which is [further] characterized by 
35 the fact that the transmissivity of the above-mentioned 
window bodies with respect to the measurement light is 
22% or greater (Claim 14). 

[0051] In cases where measurement of the polished 
state or determination of the polishing end store is per- 

40 formed in situ using measurement light, the measure- 
ment light passes through the window plate and the slur- 
ry present on the window plate, and is then reflected by 
the object of polishing, so that the measurement light 
again passes through the slurry and window body, after 

45 which the measurement light is detected by a detector. 
Considering the maximum value of the light that is ordi- 
narily absorbed by the slurry present on the window 
plates, if the transmissivity of the window bodies alone 
is not 22% or greater, the amount of emitted tight that 

so does not return to the detector will be 1 % or greater, so 
that measurement may become unstable. Accordingly, 
ft is desirable that the transmissivity of the window bod- 
ies with respect to the measurement light be set at 22% 
or greater. 

55 [0052] The fifteenth invention [of the present applica- 
tion] which is used in order to achieve the above-men- 
tioned first object is a polishing body which is character- 
ized by the fact that in a polishing body used in a pol- 
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ishing apparatus [a] which is equipped with [I] a polishing 
head that holds the object of polishing and pi] a polishing 
body, and [b] which polishes the above-mentioned ob- 
ject of polishing by causing relative motion between the 
above -mentioned polishing body and the above-men- 
tioned object of polishing in a state in which a polishing 
agent is interposed between the above-mentioned pol- 
ishing body and the above-mentioned object of polish- 
ing, the above-mentioned polishing body consists of a 
materia) that is transparent to at least the measurement 
light in order to allow the passage of light used for the 
optical measurement of the polished surface of the 
above-mentioned object of polishing (Claim 15). 
[0053] In the present invention, the polishing body it- 
self is constructed from a material that is transparent to 
the measurement light; accordingly: there is no need to 
form opening parts in the polishing body in order to allow 
the passage of this measurement light. Consequently, 
there is no absorption of the measurement light as a re- 
sult of the polishing agent flowing into opening parts, so 
that measurements can be performed using a light 
source whose light is weaker by a corresponding 
amount. 

[0054] The sixteenth invention [of the present appli- 
cation] which is used in order to achieve th e above- 
mentioned first object is [a polishing apparatus which is] 
characterized by the fact that in a polishing apparatus 
[a] which is equipped with [i] a polishing head that holds 
the object of polishing and [ii] a polishing body, and [b] 
which polishes the above-mentioned object of polishing 
by causing relative motion between the above-men- 
tioned polishing body and the above-mentioned object 
of polishing in a state in which a polishing agent is inter- 
posed between the above-mentioned polishing body 
and th e above-mentioned object of polishing, the above- 
mentioned polishing body is the polishing body claimed 
in any one of Claims 1 through 15 (Claim 16). 
[0055] In the present invention, the polishing body 
claimed in anyone of Claims 1 through 15 is used; ac- 
cordingly, the actions and effects of the respective pol- 
ishing bodies can be exhibited, so that the object of the 
present invention can be achieved. 
[0056] The seventeenth invention [of the present ap- 
plication] which is used in order to achieve the above- 
mentioned first object is the polishing apparatus claimed 
in Ciaim 1 6, which is [further] characterized by the fact 
that in an apparatus having a function in which [i] meas- 
urement light is directed onto the object of polishing from 
a light-projecting device via the above-mentioned win- 
dow plates and the above-mentioned opening parts, [ii] 
this light is reflected by the object of polishing, and [iii] 
the returning light that again passes through the above- 
mentioned opening parts and the above-mentioned win- 
dow plates is received by a light-receiving device, the 
intensity of the light that is received during the polishing 
operation is 1% or more of the intensity of the projected 
light (Claim 17). 

[0057] As a result, since there is no drop in the inten- 



sity of the light that returns to the light-receiving device, 
the polished thickness or polishing endpoint can be de- 
termined stably and with a high degree of precision uti- 
lizing the light signal that is detected by the light-receiv- 
s jng device. Furthermore, in order to perform an even 
more stable measurement, it is desirable that the inten- 
sity of the light that is received during the polishing op- 
eration be 5% or more of the intensity of the projected 
light. 

10 [0058] The eighteenth invention [of the present appli- 
cation] which is used in orderto achieve the above-men- 
tioned first object is the polishing apparatus claimed in 
Claim 1 6 or Claim 1 7, which is [further] characterized by : 
the fact that the above-mentioned window plates consist 
. is of a resin that has polishing characteristics comparable 
to the polishing characteristics of the above-mentioned 
polishing body (Claim 1 8). 

[0059] As a result, even in cases where contact oc- 
curs between the window plates and the object of pol- 

20 ishing (silicon wafer, etc.), the scratching of the polished 
surface of the object of polishing by the window plates, 
and non-uniform polishing, can be prevented. 
[0060] The nineteenth invention [of the present appli- 
cation] which is used in orderto achieve the above-men- 

25 tioned first object is a method used to adjust the gap 
between the ou termost surface of the polishing body (i. 
e., the surface that contacts the object of polishing) and 
the surfaces of the above-mentioned window plates on 
the side of the above-mentioned outermost surface in a 

30 [polishing apparatus] [a] which is the polishing appara- 
tus claimed in any of Claims 1 6 through 1 8, and [b] which 
has a function in which [i] measurement light is directed 
onto the object of polishing from a light-projecting device 
via the above-mentioned window plates and the above- 

35 mentioned opening parts, [ii] this light is reflected by the 
object of polishing, and [iiijthe returning light that again 
passes through the above-mentioned opening parts and 
the above-mentioned window plates is received by a 
light-receiving device; the above-mentioned [polishing 

40 apparatus adjustment] method being characterized by 
the fact that the method includes a stage in which the 
gap between the outermost surface of the above-men- 
tioned polishing body and the surfaces of the above- 
mentioned window plates on the side of the above-men- 

45 tioned outermost surface is adjusted on the basis of a 
signal measured by the above-mentioned light-receiv- 
ing device (Claim 1 9). 

[0061] In cases where the gap between the surfaces 
of the window plates on the side of. the outermost sur- 

so face of the polishing body and the [outermost] surface 
of the polishing body is too wide, the loss of light caused 
by the polishing agent that enters the recessed parts 
formed by the polishing body and the surfaces of the 
window plates on the side of the outermost surface [of 

55 the polishing body] becomes excessive, so that only an 
extremely weak signal can be obtained in the endpoint 
detection device. Accordingly, favorable measurement 
of the polished film thickness or polishing endpoint be- 
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comes impossible. On the other hand, in cases where 
the above-mentioned gap is too narrow, a signal caused 
by interference between the surfaces of the window 
plates on the side of the outermost surface and the layer 
of the polishing agent is added to the signal of the end- 
point detection device; as a result, favorable measure- 
ment of the polished film thickness or polishing ehdpoint 
[similarly] becomes impossible. 

[0062] In the present invention, the gap between the 
outermost surface of the polishing body (i.e., the surface 
that contacts the object of polishing) and the surfaces 
of the window plates on the side of the outermost sur- 
face is adjusted so that a signal that makes it possible 
to accomplish a favorable measurement of the polished 
film thickness or polishing endpoint while observing the 
signal of the light-receiving ^levice can be measured by 
the endpoint detection device; accordingly, there are no 
problems of the type described above. 
[0063] The twentieth Invention [of the present appli- 
cation] which is used in orderto achieve the above-men- 
tioned first object is a method [for measuring the thick- 
ness of a polished film or the endpoint of -polishing] in 
which polishing is performed using the polishing appa- 
ratus claimed in any one of Claims 16 through 19, and 
the thickness of the polished film or endpoint of polishing 
is measured using a light signal received by a light-re- 
ceiving device; this method being characterized by the 
fact that the signal measured by the measurement 
means that is used to measure the polished film thick- 
ness or polishing endpo int is not used in the measure- 
ment of the polished film thickness or polishing endpoint 
in cases where the signal measured by the above-men- 
tioned measurement means is equal to a signal that is 
measured beforehand and stored in memory (Claim 20). 
[0064] There may be instances in which the thickness 
of the polishing agent between the windows and the ob- 
ject of polishing is not constant during polishing, so that 
an inappropriate signal is obtained in the measurement 
of the polished film thickness or polishing endpoint. Ex- 
amples of such inappropriate signals include extremely 
weak signals that are obtained in cases where the loss 
caused by the polishing agent is excessive, and signals 
to which is added a signal caused by interference of the 
layer of polishing agent present in the opening part on 
the window plate. 

[0065] In the present invention, such inappropriate 
signals obtained during adjustment, etc., are stored in 
a memory device as pre-measured signals. During pol- 
ishing, thesignal measured by the measurement means 
is compared with the above-mentioned signals stored 
in the memory device, and in cases where [measured] 
signal is equal to [any of] the stored signals, the signal 
measured by the measurement means is not used in 
[the measurement of] the polished film thickness or the 
detection of the polishing endpoint Accordingly, even in 
cases where the thickness of the polishing agent be- 
tween the windows and the object of polishing is incon- 
stant, so that [the measurement] might become unsta- 



ble, erroneous measurement is eliminated in the meas- 
urement of the polished film thickness or polishing end- 
point. 

[0066] The twenty-first invention [of the present appli- 
s cation] which is used in orderto achieve the above-men- 
tioned first object is a polishing apparatus [a] which is 
equipped with [i] a polishing head that holds the object 
of polishing and [ii] a polishing body which is installed 
on a platen, and [b] which polishes the above-mentioned 

10 object of polishing by causing relative motion between 
the above-mentioned polishing body and the above- 
mentioned object of polishing in a state in which a pol- 
ishing agent is interposed between the above -men- 
tioned polishing body and the above-mentioned object 

15 of polishing; this polishing apparatus being character- 
ized by the fact that [a] the apparatus has [i] one or more 
opening parts formed in the above-mentioned platen, pi] 
one or more opening parts formed in the above-men- 
tioned polishing body, [ill] windows which are disposed 

20 so that they block at least portions of the above-men- 
tioned opening parts formed in the above-mentioned 
polishing body, [iv] a device which measures the pol- 
ished state by optically observing the polished surface 
of the above-mentioned object of polishing via the 

25 above-mentioned windows, and [v] a moving device 
which moves the positions of the above-mentioned win- 
dows on the surface of the above-mentioned object of 
polishing, and [b] the above-mentioned opening parts 
formed in the above-mentioned polishing body and the 

30 above-mentioned opening parts formed in the above- 
mentioned platen are superimposed, so that the above- 
mentioned windows are disposed on the above-men- 
tioned platen via the above-mentioned moving device 
(Claim 21). 

35 [0067] In the present invention, the gap between the 
surfaces of the windows on the side of the object of pol- 
ishing and the polished surface of the object of polishing 
is controlled when the polished state of the object of pol- 
ishing is observed by the [above-mentioned] device that 

40 measures the polished state by optically observing the 
polished surface of the object of polishing via the 
[above-mentioned] windows, so that the surfaces of the 
windows on the side of the object of polishing are not 
scratched by dressing or polishing, and so that a stable 

45 detection signal can be obtained. Accordingly, in-situ 
measurement of the polished state can be performed, 
and the frequency of replacement of the polishing body 
or windows can be reduced. As a resuft, the cost of pol- 
ishing can be reduced. 

so [0068] The twenty-second invention [of the present 
application which is used in orderto achieve] the above- 
mentioned first object is the invention claimed in Claim 
21 , which is characterized by the fact that [the appara- 
tus] is further equipped with a device that senses the 

55 gap between the surfaces of the above-mentioned win- 
dows on the side of the above-mentioned object of pol- 
ishing and the polished surface of the above-mentioned 
object of polishing, a device that senses the conditions 
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of wear of the above-mentioned polishing body, or a de- 
vice that senses both the abbve-meritioned [gap] and 
the above-mentioned [conditions of wear] (Claim 22). 
[0069] As a result, the gap between the surfaces of 
the windows on the sidie of the object of polishing and s 
the polished surface of . the object of polishing can be 
sensed, so that the windows can be set in appropriate 
positions by means of the above-mentioned moving de- 
vice. Accordingly, there is no scratching of the windows 
or object pf polishing, and a stable detection signal can 10 
be obtained, so that in-situ measurement of the polished 
state is possible, and the frequency of replacement of 
the polishing body or windows can be reduced. As a re- 
sult, the cost of polishing can be reduced. 
[0070] The twenty-third invention [of the present ap- is 
plication] which is used in order to achieve the above- 
mentioned first object is the invention claimed in Claim 

22, which is characterized by the fact that [the appara- 
tus] is further equipped with a control device that con- 
trols the gap between the surfaces of the above-men- 20 
tioned windows on the side of the above-mentioned ob- 
ject of polishing and the polished surface of the above- 
mentioned object of polishing (Claim 23). 

[007.1] In the present invention, the gap between the 
surfaces of the windows on the side of the object of pol- 25 
ishing and the polished surface of the object of polishing 
c an be controlled by means of a control device. Accord- 
ingly, there is no scratching of the windows or object of 
polishing, and a stable detection signal can be obtained, 
so that in-situ measurement of the polished state is pos- 30 
sible, and the frequency of replacement of the polishing 
body or windows can be reduced. As a result, the cost 
of polishing can be reduced. 

[0072] The twenty-fourth invention [of the present ap- 
plication] which is used in order to achieve the above- 35 
mentioned first object is the invention claimed in Claim 

23, which is [further] characterized by the fact that [the 
apparatus] has a function which predicts the amount of 
wear of the above-mentioned polishing body from the 
polishing conditions, polishing time, dressing conditions *o 
and dressing time, and controls the gap between the 
surfaces of the above-mentioned windows on the side 

of the above-mentioned object of polishing and the pol- 
ished surface of the above-mentioned object of polish- 
ing (Claim 24). 45 
[0073] In the present invention, there is no scratching 
of the windows or object of polishing as a result of pol- 
ishing or dressing, and a stable detection signal can be 
obtained, so that in -situ measurement of the polished 
state is possible, and the frequency of replacement of so 
the polishing body or windows can be reduced. As a re- 
sult, the cost of polishing can be reduced. 
[0074] The twenty-fifth invention [of the present appli- 
cation] which is used in orderto achieve the above-men- 
tioned first object is the invention claimed in Claim 23, 55 
which is [further] characterized by the fact that [the ap- 
paratus] has a function which controls the above-men- 
tioned moving device so that the gap between the sur- 



faces of the above-mentioned windows on the side of 
the abpve-mentioned object of polishing and the pol- 
ished surface of the above-mentioned object of polish- 
ing is maintained at a constant value (Claim 25). 
[0075] In the present invention, there is no scratching 
of the windows or object of polishing as a result of pol- 
ishing or dressing, and a stable detection signal can be 
obtained, so that in-situ measurement pf the polished 
state is possible, and the frequency of replacement of 
the polishing body or windows can be reduced. As a re- 
sult, the cost of pojishing can be reduced. 
[0076] The twenty-sixth invention [of the present ap- 
plication] which is used to achieve the above-mentioned 
first and second objects is the invention claimed in Claim 
23, which is [further] characterized by the fact that [the 
apparatus] has a function which controls the gap be- 
tween the surfaces of the above-mentioned windows on 
the side of the above-mentioned object of polishing and 
the polished surface of the above-mentioned object of 
polishing in synchronization with the rotation of the 
above-mentioned platen (Claim 26). 
[0077] In the present invention, there is no scratching 
of the windows or object of polishing as a result of pol- 
ishing or dressing, and a stable detection signal can be 
obtained, so that in-situ measurement of the polished 
state is possible, and the frequency of replacement of 
the polishing body or windows can be reduced. As a re- 
suit, the cost of polishing can be reduced. 
[0078] The means which is used in order to achieve 
the above-mentioned second object is a semiconductor 
device manufacturing method in which the use of at 
least one of the apparatuses or methods of the inven- 
tions claimed in Claims 1 6 through 26 is included in the 
manufacture process (Claim 27). 
[0079] In the present invention, the polished state and 
polishing endpoint can be stably detected in the wafer 
polishing process; accordingly, accurate wafers can be 
manufactured. Furthermore, since there tends to be no 
scratching of the windows through which the light used 
to detect the polished state and polishing endpoint pass- 
es, the frequency of replacement of the polishing body 
is reduced, so that the throughput can be increased, and 
costs can be reduced. At the same time, there tends to 
be no scratching of the wafer, either; accordingly, the 
wafer yield can be increased. 

Brief Description of the Drawings 

[0080] 

Figure 1 shows an example of a planarization tech- 
nique used in a semiconductor process; the left side 
of the figures shows the state prior to planarization , 
while the right side of the figures shows the state 
following planarization. 

Figure 2 is a schematic structural diagram of a pol- 
ishing (planarization) apparatus used in CMP. 
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Figure 3 is a diagram which is used to illustrate a 
first example of a polishing pad (polishing body) that 
constitutes a working configuration of the present 
invention. 

5 

Figure 4 is a diagram which is used to illustrate a 
second example of a polishing pad (polishing body) 
that constitutes a working configuration of the 
present invention. 

1C 

Figure 5 is a diagram which is used to illustrate a 
third example of a polishing pad (polishing body) 
that constitutes a working configuration of the 
present invention. 

15 

Figure 6 is a diagram which is used to illustrate a 
fourth example of a polishing pad (polishing body) 
that constitutes a working configuration of the 
present invention. 

20 

Figure 7 is a diagram which is used to illustrate a 
fifth example of a polishing pad (polishing body) that 
constitutes a working configuration of the present 
invention. 

25 

Figure 8 is a diagram which is used to illustrate a 
sixth example of a polishing pad (polishing body) 
that constitutes a working configuration of the 
present invention. 

30 

Figure 9 is a diagram which is used to illustrate a 
first example of a polishing pad (polishing body) that 
constitutes an embodiment of the present invention. 

Figure 10 is a diagram which illustrates the shape 35 
of the V-shaped groove of the polishing pad shown 
in Figure 9. 

Figure 1 1 is a graph which shows an example of the 
variation in the residual film thickness observed dur- 40 
ing polishing. 

Figure 12 is a graph which shows reflective spectra 
from the silicon wafer surface measured in situ at 
certain instants during polishing. 45 

Figure 13 is a diagram which shows the structure 
of an embodiment of the polishing body [of the 
present invention] which has window plates consist- 
ing of a two-layer structure. so 

Figure 1 4 is a graph which shows a reflective spec- 
trum from the silicon wafer surface measured in 
situ. 

55 . 

Figure 15 is a diagram which shows examples of 
the processes used to manufacture the polishing 
body [of the present invention]. 




Figure 16 shows an example of a graph which 
shows a reflective spectrum observed during pol- 
ishing. 

Figure 17 is a sectional view of the area in the vi- 
cinity of [one of] the opening parts in the platen of 
a polishing apparatus which constitutes a working 
configuration of the present invention. 

Figure 18 is a diagram showing an outline of the 
area in the vicinity of the polishing body of a polish- 
ing apparatus constructed according to this working 
configuration. 

Figure 19 is a graph which shows reflective spectra 
from the silicon wafer surface measured in situ at 
certain instants during polishing. 

Figure 20 is a flow chart which illustrates the semi- 
conductor device manufacturing process. 

Preferred Working Configurations of the Invention 

[0081] Below, [working configurations] will be de- 
scribed with reference to the attached figures in order 
to describe the present invention in greater detail. How- 
ever, the present invention is descnbed [here] in terms 
of working configurations and embodiments, and this 
description should not be interpreted as limiting the con- 
tent of the invention. 

[0082] First, examples of working configurations and 
embodiments of the invention for the purpose of achiev- 
ing the first object of the present invention wiil be de- 
scribed. 

# . 

[Working Configuration 1-1] 

[0083] Figure 3 is a diagram which is used to illustrate 
a first example of a polishing pad (polishing body) con- 
stituting a working configuration of the present inven- 
tion. In the following figures, constituent elements that 
are the same as constituent elements shown in preced- 
ing figures are labeled with the same symbols, and a 
description of such constituent elements may be omit- 
ted. In Figure 3, 21 indicates a polishing pad, and 31 
indicates a transparent window plate. 
[0084] The transparent window plate 31 is fit into a 
hole that is bored in the polishing pad 21 . Here, a gap 
a is left between the upper surface of the transparent 
window plate 31 and the outermost surface that consti- 
tutes the working surface of the polishing pad 21 . During 
polishing, a polishing head 1 6 which holds the wafer 1 7 
as shown in Figure 2 is caused to apply a load to the 
polishing pad by means of a load-applying mechanism 
(not shown in the figures), so that the polishing pad 21 
and transparent window plate 31 are compressed. In 
this case, it is desirable that the gap a be as constant 
as possible, and that a dimension that is equal to or 
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greater than a standard value be maintained. 
[0085] A soft polishing pad made of a foam urethane 
is not very desirable as [the above-mentioned] polishing 
pad. The reason for this is as follows: widely used soft 
polishing pads made of a foam urethane generally show 
a large amount of compressive deformation of the pol- 
ishing pad due to the load applied during polishing. Ac- 
cordingly, not only is it necessary to set the gap a that 
exists in an unloaded/non-compressed state at a large 
value, but the amount of flexing that occurs in response 
to dynamic forces such as Irregular vibration of the wafer 
or retainer ring of the polishing head, etc., during load- 
ing/polishing is large, so that it is also necessary to pre- 
vent scratching that might be caused by the polished 
surface of the wafer or the retainer ring of the polishing 
head contacting the upper surface of the window plate 
when maximum flexing occurs. Consequently, the gap 
a that exists during the loading/compression of polishing 
must be set at a relatively large value, and the slurry 
enters the space created by this gap a on the surface of 
the transparent window plate 31 , so that the measure- 
ment light must pass through this slurry. Consequently, 
the rate of transmission of the measurement light drops. 
[0086] From the above standpoint, it is desirable to 
use a hard polishing pad in which the amount of com- 
pressive deformation is small as the polishing pad. The 
reason for this is as follows: [in such a case,] since the 
amount of compressive deformation is small for the pol- 
ishing load, the gap a that exists in an unloaded/non^ 
compressed state can be kept at a small value; further- 
more, since the amount of flexing that occurs in re- 
sponse to dynamic forces such as irregular vibration of 
the wafer or retainer ring of the polishing head during 
polishing is small even when the polishing load is ap- 
plied, the gap a that exists in the loaded/compressed 
state can be kept to a small value. If the gap a that exists 
in the . loaded/compressed state can be reduced, the 
transmissivity with respect to the measurement light is 
increased, which is desirable for high-precision and sta- 
ble measurement of the polished state. 
[0087] The thickness of the window plate must be var- 
ied in accordance with the thickness of the polishing 
pad. The transmissivity of the window plate 31 with re- 
spect to the measurement light and the slurry present 
in the recessed part on the surface of the window plate 
31 depends on the gap a that exists in the loaded/com-, 
pressed state, the concentration of the slurry and the 
thickness and material of the window plate. 
[0088] In order to achieve high-precision and stable 
measurement of the polished state, it is desirable that 
the transmissivity of the window plate 31 be 22% or 
greater. It is desirable that the [combined] transmissivity 
of both the window plate 3 1 and the slurry present in the 
recessed part on the window plate with respect to the 
measurement light be 1 0% or greater (1 % or greater in 
terms of round-trip transmissivity) in the loaded/com- 
pressed state. However, in cases where the intensity of 
the light source is strong, or in cases where the sensi- 



tivity of the sensor is high, measurement is possible 
even if this transmissivity is less than 10%. 
[0089] If a transparent material is selected as the win- 
dow plate material , then the above-mentioned transmis- 

5 sivity with: respect to the measurement light depends 
substantially on the concentration of the slurry that en- 
ters the recessed part formed above the window plate 
31 and the thickness of the slurry layer in the loaded/ 
compressed state. 

10 [0090] The permissible value of the gap a depends oh 
the slurry concentration; however, in the case of a com- 
mon slurry concentration, it is desirable that this gap be 
0 to 400 urn. The reason that this gap is set at a value 
greater than zero is to prevent the window plate 31 from 

15 contacting the object of polishing or the diamond grind- 
ing wheel during dressing. The reason that this gap is 
set at 400 pm or less is to avoid attenuation of the meas- 
urement light by the slurry. Furthermore, for the same 
reasons, it is even more desirable that the gap a beset 

20 at 10 to 200 jim. The value of this, gap a is generally 
large in the case of a soft polishing pad made of a foam 
urethane, and small in the case of a non-foam hard pol- 
ishing pad. 

[0091] Furthermore, in spite of the fact that the above- 
25 mentioned gap a is determined with the load during pol- 
ishing taken into account so that [the window plate] does 
not contact the wafer or the retainer ring of the polishing 
head, the window plate may on rare occasions make 
unexpected contact with the wafer or retainer ring of the 
30 polishing head due to irregular vibrations during polish- 
ing, so that scratching occurs. Accordingly, in order to 
prevent this, it is desirable that at least the surface of 
the window plate that is located on the wafer side be 
coated with a hard coating. For example, in the case of 
.35 an acrylic resin, a method in which a hard coating is ap- 
plied by means of a siliconfe] type organic resin is de- 
sirable. 

[0092] The polishing pad described above is desira- 
ble for use in cases where the material of the polishing 
40 pad itself is opaque to the measurement light. It goes 
without saying that such measurement window parts are 
unnecessary in the case of a polishing pad in which the 
material of the polishing pad is transparent to the meas- 
urement light 

45 [0093] In the case of the polishing pad of the present 
working configuration, a polishing pad of the configura- 
tion shown in Figure 3 may be fastened to the platen 20 
of the polishing apparatus shown in Figure 2 and used 
"as is", or may be used after being fastened to the platen 

50 20 in a form in which [the polishing pad] is caused to 
flow into the platen (consisting of an aluminum plate, 
etc.). Alternatively, [a polishing pad] backed by one or 
more layers of other appropriate different materials may 
be fastened to the platen 20 and used. 

55 [0094] Thus, in the polishing apparatus shown in Fig- 
ure 2, the state of polishing can be favorably measured 
by the [above-mentioned] polished-state measuring de- 
vice 23 during polishing, as a result of the above-men- 
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tioned desirable function of the polishing pad 21 fas- 
tened to the platen 20. 

[0095] Furthermore, in regard to the relationship be- 
tween the intensity of the measurement light 24 that is 
emitted from the polished-state measuring device 23 
and the Intensity of the light that passes through the win- 
dow plate 31 , passes through the polishing agent in the 
recessed part formed on the window plate 31 , is reflect- 
ed by the polished surface of the object of polishing 1 7 ; 
again passes through the polishing agent in the above- 
mentioned recessed part and the window plate 31 and 
returns to the polished-state measuring device 23, it is 
desirable that the ratio of the intensity of the. light that 
returns to the polished-state measuring device 23 to the 
intensity of the measurement light 24 emitted from the 
polished-state measuring device 23 be 1 % or greater, 
and a ratio of 5% or greater is even more desirable. In 
this way, the intensity of the light that returns to the pol- 
ished-state measuring device 23 does not drop, so that 
high-precision and stable measurement of the polished 
state can be accomplished by means of the polished- 
state measuring device 23. - 

[Working Configuration 1-2] 

[0096] Figure 4 is a diagram which is used to illustrate 
a second example of a polishing pad (polishing body) 
that constitutes a working configuration of the present 
invention. Figure 4 (a) is a plan view, Figure 4 (b) is a 
sectional view of the portion indicated by line A-O in Fig- 
ure 4 (a), Figure 4 (c) is a sectional view of the portion 
indicated by line B-0 in Figure 4 (a), and Figure 4 (d) is 
a sectional view of the portion indicated by line C-O in 
Figure 4 (a). In Figure 4, 31a through 31c indicate win- 
dow plates, and 32a through 32c indicate opening parts, 
[0097] In the present working configuration, the pol- 
ishing body 21 has three opening parts 32a, 32b and 
32c. Furthermore, a window plate 31 a is disposed in the 
opening part 32a, a window plate 31 b is disposed in the 
opening part 32b, and a window part 31c is disposed in 
the opening part 32c. In Figures 1 (b), (c) and (d), the 
surface on the upper side of the polishing body 21 is the 
[top] surface of the polishing body 21 , and the surfaces 
on the upper sides of the window plates 31 a through 31 c 
are the surfaces of the window plates that are located 
on the side of the object of polishing. 
[0098] The surfaces of the respective window plates 
31a through 31c are recessed with respect to the sur- 
face of the polishing body 21, and the respective 
amounts of recess are different in each of the opening 
parts 32a through 32c. As a result, the amount of recess 
for each of the opening parts 32a through 32c varies in 
a stepwise manner. In the polishing body 21 of the 
present working configuration, the amounts of recess of 
the surfaces of the window plates 31a through 31c on 
the side of the object of polishing with respect to the sur- 
face of the polishing body 21 [are set so that] the amount 
of recess is smal lest in the case of the window plate 3 1 a 



of the opening part 32a, and largest in the case of the 
window plate 31c of the opening part 32c. The amount 
of recess of the window plate 31b of the opening part 
32b is more or less intermediate between the amount of 
s recess of the opening part 31 a and the amount of recess 
of the opening part 32c. 

[0099] Such a polishing body 21 is attached to the pol- 
ishing apparatus shown in Figure 2 and used. The pol- 
ishing body 21 is bonded to the platen 20 by means of 

10 a two -sided tape or an adhesive agent. Furthermore, 
the window bodies and opening parts disposed in the 
polishing body 2 1 are omitted from Figure 2. The open- 
ing part 22 formed in the platen 20 and the opening parts 
32a through 32c formed in the polishing body 21 are su- 

1$ perimposed. 

[01 00] In the initial state immediately following the in- 
itiation of polishing, the area of the opening part 32a, in 
which the amount of recess of the surface of the window 
on the side of the object of polishing with respect to the 

20 surface of the polishing body is smallest, is use d to ob- 
serve the state of the polished surface. In this way, the 
state of the polished surface is observed by means of 
the light that passes through the window plate 31a in- 
stalled in the opening part 32a (among the light that re- 

25 turns to the polished-state measuring device 23 after be- 
ing emitted from the polished-state measuring device 23 
and reflected by the silicon wafer (object of polishing) 
17). 

[0101] A position detection sensor (not shown in the 

30 figures) is installed on the platen 20. When the platen 
20 rotates so that a specified position on the platen 20 
reaches the position of the position detection sensor, the 
position detection sensor outputs a trigger signal. The 
time interval required for the platen 20 to rotate from the 

35 position of the platen 20 at which the position detection 
sensor outputs a trigger signal to the position at which 
the opening part 32a reaches a point above the pol- 
ished-state measuring device 23 Is determined by the 
rpm of the platen 20. 

40 [0102] Accordingly, the above-mentioned time inter- 
val can be calculated or measured beforehand, and the 
polished-state measuring device 23 can be actuated af- 
ter this time interval has elapsed following the output of 
the trigger signal by the position detection sensor. As a 

45 result, it is always possible to detect the polishing end- 
point or measure the film thickness at the opening part 
32a. 

[0103] Each time the polishing of one silicon wafer is 
completed, the polishing body is dressed. A diamond 

so grinding wheel, etc., is used for this dressing. After 
dressing is performed, the next silicon wafer that is to 
be polished is attached to the polishing head 16, and 
polishing is performed. Thus, the polishing and dressing 
processes are alternately repeated. 

55 [0104] Each time dressing is performed, the surface 
of the polishing body 21 is ground away, so that the 
amount of recess above the window plate 31 a in the 
opening part 32a with respect to the surface of the pol- 
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ishing body 21 becomes progressively smaller. When 
the amount of recess reaches zero, scratching of the 
surface of the window plate 31 a on the side of the object 
of polishing begins to be caused by dressing. Further- 
more, when such scratching of the window occurs, the s 
scattering, etc., of light in the area of the window increas- 
es, so that the precision of polishing endpoint detection 
and the precision of film thickness measurement drop. 
[0105] . Accordingly, a switch is made so that polishing 
endpoint detection or film thickness measurement is ac- ip 
compiished using the opening part 32b, which has the 
second smallest amount of recess in the initial state. 
Such a switch so that polishing endpoint detection or 
film thickness measurement is performed using the 
opening part 32b can be accomplished by changing the *5 
time interval from the output of the trigger signal by the 
position detection sensor installed on the platen 20. to 
the actuation of the polished-state measuring device 23 
to the appropriate time interval, and actuating the pol- 
ished-state measuring device 23 when the opening part 20 
32b arrives at a point above the polished-state measur- 
ing device 23. 

[0106] Then, the polishing process and dressing proc- 
ess are repeated, and when the amount of recess of the 
surface of the window plate 31b on the side of the object 25 
of polishing in the opening part 32b also reaches zero, 
so that scratching of the surface of the window [plate] 
31b on the side of the object of polishing begins to be 
caused by dressing, another switch is made so that pol- 
ishing endpoint detection or film thickness measure- so 
ment is accomplished using the opening part 32c, which 
has the largest amount of recess of the window in the 
initial state. The switching of polishing endpoint detec- 
tion or film thickness measurement from the opening 
part 32b to [the opening part] 32c can be accomplished 35 
in the same manner as the above-mentioned switch 
from the opening part 32a to [the opening part] 32b. 
Thus, since the surfaces (on the side of the object of 
polishing) of the windows installed in the opening parts 
that are used for polishing endpoint detection. and film 40 
thickness measurement are recessed with respect to 
the surface of the polishing body during dressing, there 
is no scratching of the windows during dressing. 
[0107] Furthermore, it would also be possible to per- 
form the switching of the opening parts by installing a *s 
control device that switches to the next opening part 
when the amount of light received by the polished-state 
measuring device 23 drops below a predetermined set 
value. 

[01 08] Furthermore, in the present working configura- 50 
tion, the platen 20 has three opening parts, and the pol- 
ishing body 21 has three opening parts in which win- 
dows are installed. However, the [respective] numbers 
of these opening parts may be two opening parts, orfour 
or more opening parts. In such cases, the observation 
of the polished state can be switched a number of times 
corresponding to the number of opening parts. 
[01 09] In the polishing apparatus in which the polish- 



ing body of the present working configuration is in- 
stalled, a plurality of windows with different amounts of 
recess for each opening part are disposed in the polish- 
ing body 21; accordingly, even if a [certain] window 
should be scratched by dressing so that this window be- 
comes optically opaque, polishing endpoint detection or 
film thickness measurement can be accomplished by 
switching the window used for polishing endpoint detec- 
tion or film thickness measurement to the window of. an- 
other opening part. As a result, the same polishing body 
can be used in polishing for a longer period of time than 
is possible in the case of a conventional [polishing body], 
so that the frequency of replacement of the polishing 
body or windows is reduced, thus making it possible to 
reduce the cost of polishing. 

[Working Configuration i -3] 

[0110] Figures is a diagrarin which is used to illustrate 
a third example of a polishing pad (polishing body) that 
constitutes a working configuration of the present inven- 
tion. Figure 5 (a) is a plan view, and Figure 5 (b) is a 
sectional view of the portion indicated by line D-E in Fig- 
ure 5 (a). In Figure 5, 32 indicates an opening part, and 
33a through 33b indicate respective parts of a window 
plate 31. 

[0111] The polishing body 21 of the present working 
configuration has a single opening part 32. The window 
plate 31 disposed in this opening part 32 has a step- 
form cross section, so that the amount of recess of the 
surface of the window plate 31 on the side of the object 
of polishing with respect to the surface of the polishing 
body 21 differs in the three parts 33a : 33b and 33c. The 
amount of recess of the surface of the window plate 31 
on the side of the object of polishing with respect to the 
surface of the polishing body 21 is smallest in the part 
33a, and largest in the part 33c. In the part 33b, this 
amount of recess is more or less intermediate between 
that in the part 33a and that in the part 33c. As a result, 
the amount of recess of the surface of the window plate 

31 on the side of the object of polishing varies in a step- 
wise manner. 

[0112] In cases where a polymer resin is used as the 
material of the window plate 31 , a wiridowplate 31 which 
has a step-form difference in the surface can be manu- 
factured by causing the resin to flow in a liquid state into 
a mold that has step differences, and then curing the 
resin. 

[0113] Such a polishing body is attached to the pol- 
ishing apparatus shown in Figure 2 and used. In this 
case, an opening part 22 formed in the platen 20 is ar- 
ranged so that it is. superimposed on the opening part 

32 formed in the polishing body 21 . 

[0114] In the initial state immediately following the in- 
itiation of polishing, the part 33a, in which the amount 
of recess of the surface of the window plate 31 on the 
side of the object of polishing with respect to the surface 
of the polishing body is smallest, is used for the obser- 
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vation of the state of the polished surface. As a result, 
the state of the polished surface is observed using the 
light that passes through the part 33a of the window 
plate 31 (among the light that is emitted from the pol- 
ished-state measuring device 23, reflected by the pol- 
ished surface of the silicon wafer 1 7 and returned to the 
polished-state measuring device 23). A position detec- 
tion sensor (not shown in the figures) is installed on the 
platen 20 in the same manner as in the polishing appa- 
ratus descnbed in Working Configuration 1 -2, The time 
interval required for the platen 20 to rotate from the po- 
sition of the platen 20 at which the position detection 
sensor outputs a trigger signal to the position at which 
the part 33a of the window plate 31 installed in the open- 
ing part reaches a point above the polished-state meas- 
uring device 23 is determined by the rpm of the platen 
20. Accordingly/as in Working Configuration 1-2, the 
above-mentioned time interval can be calculated or 
measured beforehand, and the polished-state measur- 
ing device 23 can be actuated after this time interval has 
elapsed following the output of the trigger signal by the 
position detection sensor. ■ 
[0115] In this working configuration, as in Working 
Configuration 1-2, the polishing process and dressing 
process are repeated. Each time dressing is performed, 
the surface of the polishing body 21 is ground away, so 
that the amount of recess in the part 33a of the window 
plate 31 in the opening part 32 with respect to the sur- 
face of the polishing body 21 becomes progressively 
smaller. When the amount of recess reaches zero, 
scratching of the part 33a of the window plate 31 begins 
to be caused by dressing. As a result, the scattering, 
etc., of light in the part 33a increases, so that the preci- 
sion of polishing endpoint detection and the precision of 
film thickn ess measurement drop, 
[01 1 6] Accordingly, a switch is made so that polishing 
endpoint detection or film thickness measurement is ac- 
complished using the part 33b of the window plate 31 , 
in which the amount of recess in the initial state is sec- 
ond smallest. Such a switch so that polishing endpoint 
detection or film thickness measurement is performed 
using the part 33b of the window plate 31 can be accom- 
plished by changing the time interval from the output of 
the trigger signal by the position detection sensor in- 
stalled on the platen 20 to the actuation of the polished- 
state measuring device 23 to the appropriate time inter- 
val, and actuating the polished-state measuring device 
23 when the part 33b of the window plate 31 arrives at 
a point above the polished-state measuring device 23. 
[0117] TTien.thepolishingprocessanddressingproc- 
ess are repeated, and when the amount of recess of the 
part 33b of the window plate 31 also reaches zero, so 
that scratching of the part 33b of the window plate 31 
begins to be caused by dressing, another switch is made 
so that polishing endpoint detection or film thickness 
measurement is accomplished using the part 33c, which 
has the largest amount of recess of any part of the win- 
dow plate 31 in the initial state. Thus, since the surfaces 



(on the side of the object of polishing) of respective parts 
of the window installed in the opening part that are used 
for polishing endpoint detection and film thickness 
measurement are recessed with respect to the surface 
5 of the polishing body during dressing, there is no 
scratching of these parts during dressing. 
[0118] Furthermore, in the present working configura- 
tion, the polishing body 21 has a step-form window plate 
31 whose surface has three steps in the opening part. 
10 However, the number of steps may also be two steps, 
orfour or more steps. In such cases, the observation of 
the polished state can be switched a number of times 
corresponding to the number of steps. 
[0119] In a polishing apparatus which uses the polish- 
's ing body of such a working configuration, a window with 
a step-form surface is installed in the polishing body; 
accordingly, even if one part of the window should be 
scratched by dressing so that this part of the window 
becomes optically opaque, polishing endpoint detection 
20 or film thickness meas urement can be accomplished 
by switching the part of the window used for the obser- 
vation by the polished-state measuring device 23. As a 
result, the same polishing body can be used in polishing 
for a longer period of time than is possible in the case 
25 of a conventional [polishing body], so that the frequency 
of replacement of the polishing body or windows is re- 
duced, thus making it possible to reduce the cost of pol- 
ishing. 

[0120] In the polishing apparatus of this working con- 
so figuration, it would also be possible to perform the 
switching of the parts of the window plate 31 by installing 
a control device that switches to the next opening part 
when the amount of light received by the polished -state 
measuring device 23 drops below a predetermined set 
35 value, as in Working Configuration 1 -2. 

[Working Configuration 1 -4] 

[0121] Figure 6 is a diagram which is used to illustrate 

40 a fourth example of a polishing pad (polishing body) that 
constitutes a working configuration of the present inven- 
tion. Figure 6 (a) is a plan view, and Figure 6 (b) is a 
sectional view of the portion indicated by line F-G in Fig- 
ure 6 (a). In Figure 6, 34a through 34d are points on the 

45 surface of the window plate 31 . 

[0122] The polishing body 21 of the present working 
configuration has a single opening part. The parallel flat- 
plate window plate 31 installed in this opening part is 
devised so that it is inclined in section, with the amount 

50 of recess from the surface of the polishing body varying 
in the F-G direction In Figure 6 (a). As a result, the 
amount of recess of the surface of the window plate 31 
on the side of the object of polishing varies in a contin- 
uous manner. In a case where four places 34a, 34b, 34c 

55 and 34d are designated on the surface of the window 
plate 31 , the amount of recess of the surface of the win- 
dow on the side of the object of polishing with respect 
to the surface of the polishing body is smallest in' the 



15 



EP1 176 630 A1 



area of 34a, second smallest in the area of 34b, third 
smallest in the area of 34c, and greatest in the area of 
34d. 

[0123] Such a polishing body 21 is used as the pol- 
ishing body of the polishing apparatus shown in Figure 5 
2. In this case as well, [the apparatus is arranged] so 
that the opening part 22 in the platen 20 is superimposed 
on the opening part 32 in the polishing body 21 . 
[0124] In the initial state immediately following the in- 
itiation of polishing, the area of 34a in which the amount to 
of recess of the surface of the window 41 on the side of 
the object of polishing with respect to the surface of the 
polishing body is smallest is used for the observation of 
the state of the polished surface. As a result, the state 
of the polished surface is observed using the light that 15 
passes through the area of 34a oh the window plate 31 
(among the light that is emitted from the polished-state 
measuring device 23, reflected by the polished surface 
of the silicon wafer 1 7 and returned to the polished-state 
measuring device 23). A position detection sensor (not 20 
shown in the figures) is installed on the platen 32 in the 
same manner as in the polishing apparatus according 
to Working Configuration 1 -2. The time interval required 
for the platen 20 to rotate from the position of the platen 
20 at which the position detection sensor outputs a trig- 25 
ger signal to the position at which the area of 34a on the 
window 32 installed in the opening part reaches a point 
above the polished-state measuring device 23 is deter- 
mined by the rpm of the platen 20. Accordingly, as in 
Working Configuration 1-2, the above-mentioned time 30 
interval can be calculated or measured beforehand, and 
the polished-state measuring device 23 can be actuated 
afterthis time interval has elapsed following the output 
of the trigger signal by the position detection sensor. 
[0125] Furthermore, as in Working Configuration 1-2, 35 
the polishing process and dressing process are repeat- 
ed. 

[0126] Each time dressing is performed, the surface 
of the polishing body 21 is ground away, so that the 
amount of recess in the area of 34a on the window plate 40 
31 in the opening part with respect to the surface of the 
polishing body 21 becomes progressively smaller. 
When the amount of recess reaches zero, scratching of 
the area of 34a on the window plate 31 begins to be 
caused by dressing. As a result, the precision of polish- 45 
ing endpoint detection and the precision of film thick- 
ness measurement drop. Accordingly, a switch is made 
so that polishing endpoint detection or film thickness 
measurement is accomplished using the area of 34b on 
the window plate 31, in which the amount of. recess is so 
second smallest. Such a switch so that polishing end- 
point detection or film thickness measurement is per- 
formed using the area of 34b on the window plate 31 
can be accomplished by changing the time interval from 
the output of the trigger signal by the position detection 55 
sensor installed on the plat en 20 to the actuation of the 
polished -state measuring device 23 to the appropriate 
time interval, and actuating the polished -state measur- 



ing device 23 when the area of 34b on the window plate 
31 arrives at a point above the polished -state measur- 
ing device 23. 

[0127] Tlien^e polishing processand dressing proc- 
ess are repeated, and when the amount of recess in the 
area of 34b on the window plate 31 also reaches zero, 
so that scratching in the area of 34b on the window plate 
31 begins to be caused by dressing, another switch is 
made so that polishing endpoint detection or film thick- 
ness measurement is accomplished using the area of 
34c on the window plate 31 , in which the amount of re- 
cess is third smallest. Th polishing process and dressing 
process are then further repeated, and when amount of 
recess in the area of 34c on the window plate 31 also 
reaches zero, so that scratching in the area of 34c on 
the window plate 31 begins to be caused by dressing, 
another switch is made so that polishing endpoint de- 
tection or film thickness measurement is accomplished 
using the area of 34d on the window plate 31 , In which 
the amount of recess is largest. Thus, since the surfaces 
(on the side of the object oif polishing) of the [above- 
mentioned] areas of the window installed in the opening 
part that are used for polishing endpoint detection or film 
thickness measurement are recessed with respebt to 
the surfaceof the polishing body during dressing, these 
areas are not scratched during dressing. 
[0128] Furthermore, in the present working configura- 
tion, switching was performed among four locations on 
the window; however, the number of locations involved 
in this switching may also be two or three locations, or 
more than four locations. In such cases, the observation 
of the polished state can be switched a number of times 
corresponding to the number of areas used for meas- 
urement; 

[0129] In a polishing apparatus which uses such a pol- 
ishing body, parallel flat-plate-form window is installed 
in the polishing body so that the surface of this window 
is inclined; accordingly, even if one area on the window 
should be scratched by dressing so that this area on the 
window becomes optically opaque, polishing endpoint 
detection orf ilm thickness measurement can be accom- 
plished by switching the area on the window used for 
the observation by the polished-state measuring device 
23. As a result, the same polishing body can be used in 
polishing for a longer period of time than is possible in 
the case of a conventional [polishing body], so that the 
frequency of replacement of the polishing body or win- 
dows is reduced, thus making it possible to reduce the 
cost of polishing. 

[0130] In the polishing apparatus of this working con- 
figuration, it would also be possible to perform the 
switching of the areas on the window plate 31 by install- 
ing a control device that switches to the next opening 
part when the amount of light received by the polished 
-state measuring device 23 drops below a predeter- 
mined set value, as In Working Configuration 1-2. 
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[Working Configuration 1-5] 



[01 31 ] Figure 7 is a diagram which is used to illustrate 
a fifth example of a polishing pad (polishing body) that 
constitutes a working configuration of the present inven- 
tion. Figure 7 (a) is a plan view, and Figure 7 (b) is a 
sectional view of the portion indicated by line H-i in Fig- 
ure 7 (a). In Figure 7, 35a through 35d indicate sheets 
of a transparent material . 

[0132] The polishing body 21 of the present working 
configuration has a single opening part 32. The parallel 
f iat-plate-form window plate 31 which is installed in this 
opening part 32 has a structure in which four sheets 35a 
through 35d of a transparent material are laminated with 
an adhesive strength that allows peeling [of the sheets]. 
The transparent material [sheets] 35a through 35d are 
bonded by means of an adhesive agent or two-sided 
tape, etc., which has an adhesive strength that allows 
peeling [of the sheets]. The amount of recess of the [sur- 
face of] the window plate 31 on the side of the object of 
polishing with respect to the surface of the po lishing 
body 21 is varied in astepwise manner by peeling away 
the transparent material [sheets] 35a through 35d one 
at a time from the top. 

[0133] Such a polishing body 21 is used as the pol- 
ishing body of the polishing apparatus shown in Figure 
2. In this case as well, [the apparatus is arranged] so 
that the opening part 22 in the platen 20 is superimposed 
on the opening part 32 in the polishing body 21 . 
[01 34] In the initial state immediately following the in- 
itiation of polishing, the window with four laminated 
transparent material sheets 35a through 35d is used for 
the observation of the state of the polished surface. As 
a result, the state of the polished surface is observed 
using the light that passes through the window in which 
these four transparent material sheets 35a through 35d 
are laminated (among the light that is emitted from the 
polished-state measuring device 23, reflected by the 
polished surface of the silicon wafer 1 7 and returned to 
the polished-state measuring device 23). The mecha- 
nism and method which perform polishing endpoint de- 
tection or film thickness measurement utilizing the open- 
ing parts formed in the platen 20 and polishing body 21 
as the platen 20 rotates are the same as in Working Con- 
figuration 1 -2; accordingly, a description is omitted here. 
[0135] Furthermore, as in Working Configuration 1 -2, 
the polishing process and dressing process are repeat- 
ed. Each time dressing is performed, the surface of the 
polishing body is ground away, so that the amount of 
recess of the surface (on the side of the object of pol- 
ishing) of the transparent material [sheet] 35a of the win- 
dow plate 31 in the opening part with respect to the sur- 
face of the polishing body 21 decreases, and when this 
amount of recess reaches zero, the surface of the trans- 
parent material [sheet] 35a begins to be scratched by 
dressing. As a result, the scattering, etc., of light in the 
transparent material [sheet] 35a increases, so that the 
precision of polishing endpoint detection and the preci- 



sion of film thickness measurement drop. Accordingly, 
the transparent material [sheet] 35a is peeled away from 
the laminated window plate 31, so that polishing end- 
point detection or film thickness measurement is [sub- 
5 sequentfy] performed with the. transparent material 
[sheet] 35b as the uppermost surface of the window. As 
a result* the surface of the window plate 31 that is ob- 
tained is a surface of the window plate 31 that is re- 
cessed from the surface of the polishing, body 21 and 

10 that is unscratched, so that polishing endpoint detection 
or film thick ness measurement can be performed in a 
normal manner. Furthermore, since the same position 
on the window plate 31 of the same opening part can 
be used for polishing endpoint detection or film thick- 

15 ness measurement in the polishing apparatus of the 
present working configuration, there is no need to switch 
the window position used for polishing endpoint detec- 
tion or film thickness measurement as in the polishing 
apparatuses of Working Configurations 1-2 through 1-4. 

20 [0136] Then, the polishing process and dressing proc- 
ess are repeated, and when the amount of recess of the 
surface of the transparent material [sheet] 35b of the 
window plate 31 on the side of the object of polishing 
also reaches zero, so that the transparent material 

25 [sheet] 35b begins to be scratched by dressing, the 
transparent material [sheet] 35b is peeled from the win- 
dow plate 31 , so that polishing endpoint detection or film 
thickness measurement is [subsequently] performed 
with the transparent material [sheet] 35b as the upper- 

30 most surface of the window. The polishing process and 
dressing process are then further repeated, and when 
the amount of recess of the surface of the transparent 
material [sheet] 35c of the window plate 31 on the side 
of the object of polishing also reaches zero, so that the 

35 transparent material [sheet] 35c begins to be scratched 
by dressing, the transparent material [sheet] 35c is 
peeled from the window plate 31 , so that polishing end- 
point detection or film thickness measurement is [sub- 
sequently] performed with the transparent material 

40 [sheet] 35d as the uppermost surface of the window 
plate 31 . Thus, since the surface (on the side of the ob- 
ject of polishing) of the part of the window installed in 
the opening part that is used for polishing endpoint de- 
tection or film thickne ss measurement is recessed with 

45 respect to the surface of the polishing body during 
dressing, there is no scratching of this part during dress- 
ing. 

[0137] Furthermore, in order to ascertain the timing at 
which the parts 35a, 35b and 35c of the window are 

so peeled away, it would also be possible to install a control 
device which outputs a signal that indicates the peeling 
timing when the amount of light received by the polished 
-state measuring device 23 drops below a predeter- 
mined set value. 

55 [0138] Furthermore, [in the present working configu- 
ration,] a window is used in which four transparent ma- 
terial [sheets] 35a through 35d are laminated in the win- 
dow plate 31 ; however, it would also be possible to use 
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a window in which two or three sheets or five or more 
sheets of a transparent material are laminated, in such 
cases, the observation of the polished state can be . 
switched a number of times corresponding to the 
number of transparent material [sheets] used. 5 
[01 39] Furthermore, in cases where the amount of re- 
cess of the surface of the window plate 31 on the side 
of the object of polishing with respect to the surface of 
the polishing body 21 exceeds 400 \im, the amount of 
polishing agent that accumulates in the recessed part 10 
becomes excessively large, and this polishing agent 
acts as a scattering body, so that the light 24 emitted 
from the polished-state measuring device 23 is attenu- 
ated, thus causing a drop in the precision of polishing 
endpoint detection and the precision of film thickness is 
measurement. Accordingly, it is desirable that the 
amount of recess d of the portion of the window plate 
31 through which the light from the polished-state meas : 
uring device 23 passes (i.e., the portion used for polish- 
ing endpoint detection or film thickness measurement) 20 

I be such that 6 ftm <d^400p/n. Accordingly, except for 

the lowermost transparent materia! [sheet] 35d, it is de- 
sirable that the respective thicknesses fl of the trans- 
parent material [sheets] 35a through 35c that are peeled 
away be such that 0 \im< fl < 400 jim. 25 
[0140] Thus, in a polishing apparatus which uses the 
polishing body of the present working configuration, a 
window in which [sheets of] a transparent material are 
laminated is installed in the polishing body; accordingly: 
even if the surface of the window on the side of the object 30 
of polishing should be scratched by dressing so that this 
surface becomes optically opaque, polishing endpoint 
detection orfilm thickness measurement can be accom- 
plished by peeling away the transparent material [sheet] 
constituting the uppermost layer of the laminated win- 35 
dow. As a result, compared to conventional [polishing 
bodies], the same polishing body can be used in polish- 
ing for a long period of time, so that the frequency of 
replacement of the polishing body or window can be re- 

( duced; accordingly, the cost of polishing can be re- 40 

duced. 

[0141] In the above-mentioned Working Configura- 
tions 1-1 through 1-5, it is desirable that the material of 
the polishing pad (polishing body) consist of one or more 
materials selected from a set consisting of epoxy resins, *s 
acrylic resins, ABC resins, vinyl chloride resins, polycar- 
bonate resins, polyester resins, fjuororesins and poly- 
urethane resins. 

[0142] A transparent material such as glass, quartz 
glass, acrylic, polyurethane, epoxy, PET, vinyl chloride, so 
polycarbonate, polyester or silicone rubber, etc., is used 
as the window plate material. Furthermore, it is desira- 
ble that the polishing characteristics (polishing rate and 
hardness, etc.) of such transparent materials be com- 
parable to the polishing characteristics of the polishing ss 
body. In this way, even if the window should contact the 
silicon wafer constituting the object of polishing, there 
will be no non -uniform polishing or scratching of the pol- 



ished surface of the silicon .wafer by the window. 
[Working Configuration 1-6] 

[01 43] Figure 8 is a diagram which is used to illustrate 
a sixth example of a polishing pad (polishing body) that 
constitutes a working configuration of the present inven- 
tion. Figure 8 (a) is a plan view, and Figure 8 (b) is a 
sectional view of the portion indicated by line A-B in Fig- 
ure 8 (aj. In Figure 8, 36 indicates ain upper transparent 
material sheet, and 37 indicates a lower transparent ma- 
terial sheet. 

[0144] In this working configuration, a window plate 
31 in which two transparent material [sheets], i.e., an 
upper transparent material [sheet] 36 and a lower trans- 
parent material [sheet] 37, are laminated is installed in 
an opening part 32 formed in the polishing body (polish- 
ing pad) 21 . The upper transparent material [sheet] 36 
is a transparent material [sheet] located on the side of 
the object of polishing, and the lower transparent mate- 
rial [sheet] 37 is a transparent material [sheet] located 
on the opposite side from the object of polishing. 
[01 45] A transparent material such as a polyurethane, 
acrylic, polycarbonate, polystyrene, vinyl chloride, pol- 
yethylene terephthalate, polyester or epoxy, etc., is 
used as the upper transparent material [sheet] 36. 
[0146] A transparent material such as glass, acrylic, 
polycarbonate, polystyrene, vinyl chloride* polyethylene 
terephthalate, polyester or epoxy, etc., is used as the 
lower transparent material [sheet] 37. 
[0147] One or more materials selected from a set con- 
sisting of epoxy resins, acrylic resins, ABC resins, vinyl 
chloride resins, polycarbonate resins, polyester resins, 
fluororesins and polyurethane resins are desirable as 
the material of the polishing pad (polishing body) 21. 
[0148] In the present working configuration, two 
sheets of transparent materials are laminated in the win- 
dow; however, the number of sheets of transparent ma- 
terials that are laminated may also be three or more 
sheets. 

[0149] It is desirable that the compressive elastic 
modulus of the upper transparent material [sheet] 36, 
which is the transparent material [sheet] located on the 
side of the object of polishi ng, be smallerthan the com- 
pressive elastic modulus of the lower transparent mate- 
rial [sheet] 37, which is the polishing material [sheet] lo- 
cated on the opposite side from the object of polishing. 
As a result, since the lower polishing material [sheet] 37 
of the window is hard, it shows little deformation, so that 
there is no instability in polishing endpoint detection or 
instability in film thickness measurement caused by de- 
formation of the window. 

[0150] Furthermore, since the lower polishing materi- 
al [sheet] 37 of the window is hard, an anti-reflection film 
can be formed on the surface 37a of the lower polishing 
material [sheet] 37. As a result of the formation of such 
an anti-reflection film, the reflection by the surface of the 
window of the light that passes through the window and 
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is used for the measurement of the polished state is re- 
duced, so that the attenuation of the intensity of this iight 
is reduced; accordingly, there is no drop in the precision 
of polishing endpoint detection or the precision of film 
thickness measurement, it is therefore desirable that an 
antnreflection film be formed on the surface 37a of the 
lower polishing material [sheet] 37, which is the surface 
on the opposite side of the window from the' object of 
polishing. 

[0151] It is desirable that the compressive elastic 
modulus of the upper transparent material [sheet] 36, 
which is the transparent material [sheet] located on the 
side of the object of polishing, be approximately the 
same as the compressive elastic modulus of the polish- 
ing body 21 . The compressive elastic modulus of a corn- 
mon polishing body is in the range of 2.9 x 10 7 Pa to 
1.47 x 10 9 Pa. Accordingly, it is desirable that the com- 
pressive elastic modulus e of the upper transparent ma- 
terial [sheet] 36, which is the transparent material 
[sheet] located on the side of the object of polishing, be 
such that 2.9 x 1 0 7 Pa < e £ 1 .47 x 1 0 9 Pa. As a result, 
there is no scratching of the object of polishing when the 
window contacts the object of polishing. 
[0152] It is desirable that the surface of the window 
plate 31 on the side of the object of polishing be re- 
cessed with respect to the surface of the polishing body 
21 that is contacted by the silicon wafer 1 7 that consti- 
tutes the object of polishing. In this way, contact be- 
tween the silicon wafer and the window plate 31 is elim- 
inated, so that there is no scratching of the silicon wafer 
or scratching of the surface of the window plate 31 . As 
a result of this elimination of scratching of the surface 
of the window, there is no increase in the attenuation of 
the light 24 emitted from the polished-state measuring 
device 23; accordingly, there is no drop in the precision 
of polishing endpoint detection or the precision of film 
thickness measurement. 

[01 53] Furthermore, the above-mentioned anti-reflec- 
tion film can also be formed on the undersurfaces of the 
window plates 31 in the above-mentioned Working Con- 
figurations 1-1 through 1-5. 

[0154] In the above-mentioned Working Configura- 
tions 1-2 through 1-6 as well, the amount of polishing 
agent that accumulates in the recessed area becomes 
excessively large in cases where the amount of recess 
of the surface of the window on the side of the object of 
polishing with respect to the surface of the polishing 
body exceeds 400 ujn. [In such cases,] the polishing 
agent constitutes a scattering body, and causes atten- 
uation of the light 24 that is emitted from the polished- 
state measuring device 23, so that the precision of pol- 
ishing endpoint detection and precision of film thickness 
measurement drop. Accordingly, it is desirable that the 
amount of recess d of the portion of the window through 
which the light from the polished-state measuring device 
23 passes (i.e., the portion used for polishing endpoint 
detection or film thickness measurement) be such that 
0 \xm < d<> 400 u.m. Furthermore, it is even more desir- 



able that [this amount of recess d be] such that 1 0 jim 
<d£200um 

[0155] Furthermore, in all of the above-mentioned 
working configurations/the windows become [too] thin 
s if the thickness of the window plates is less than 1 0% of 
the thickness of the polishing body, so that there is a 
danger that the windows will undergo deformation. If the 
windows undergo deformation so that the windows are 
optically distorted, the windows will function as tenses, 

10 etc., as a result of this distortion; as a result, the problem 
of unstable polishing endpoint detection and film thick- 
ness measurement arises. Accordingly, it is desirable 
that the above-mentioned amount of recess be no more 
than 90% of the thickness of the polishing body, so that 

15 the thickness of the thinnest portions of the windows is 
10% of the thickness of the polishing body or greater. 
As a result, there is ho instability in polishing endpoint 
detection or instability in film thickness measurement 
caused by distortion of the windows. 

20 [0156] In the above-mentioned: Working Configura- 
tions 1-1 through 1-6, the window plates 31 are directly 
installed in the opening parts 32 of the [respective] pol- 
ishing bodies 21 . However, it is not necessary that the 
windows be directly installed in the polishing body 21 . 

25 For example, it would also be possible to install the win- 
dows in the platen 20 either directly or via a jig, so that 
at least portions of the opening parts in the polishing 
body 21 are closed off. 

[0157] Furthermore, in Working Configurations 1-2 
30 through 1-6, the hole shape of the opening parts 31 
formed in the [respective] polishing bodies 21 is a step- 
form shape; however, these opening parts may also be 
rectilinear through-holes. 

[01 58] Furthermore, in the above-mentioned Working 
35 Configurations 1-1 through 1-6, it is desirable that the 
transmissivity of the window plates 31 be 22% or great- 
er. In this way, the attenuation of the intensity of the light 
that is used to measure the polished state via the win- 
dow plates 31 is reduced, so that there is no drop in the 
40 polishing endpoint detection precision or film thickness 
measurement precision. 

[0159] Furthermore, in the above-mentioned Working 
Configurations 1-1 through 1-6, it is desirable that the 
intensity of the light 24 emitted from the po lished-state 

45 measuring device 23 and the intensity of the light that 
[i] is emitted from the polished-state measuring device 
23, [ii] passes through the window plate 31 , [Hi] passes 
through the polishing agent 19 between the window 
plate 31 and the silicon wafer 14, [iv] is reflected by the 

so polished surface of the silicon wafer 1 7, [v] again passes 
through the polishing agent 19 between the window 
plate 31 and the silicon wafer 17, [vi] again passes 
through the window plate 31 , and [vii] returns to the pol- 
ished-state measuring device 23, be 1% or more of the 

55 intensity of the light 24 that is emitted form the polished- 
state measuring device 23. In this way, there is no drop 
in the intensity of the light that returns to the polished- 
state measuring device; accordingly, there is no drop in 
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the polishing endpoint detection precision or film thick- 
ness measurement precision caused by the polished- 
state measuring device. 

[01 60] Furthermore, in the above-mentioned Working 
Configurations 1 -1 through 1 -6, dressing of the polishing 5 
body is performed; however, in cases where a non-foam 
material is used in the polishing body, there may be cas- 
es in which dressing is unnecessary. Even in cases 
where such a polishing body that does not require dress- 
ing is used, the surface of the polishing body is ground 10 
away as the object of polishing is polished. Accordingly, 
by using the above-mentioned Working Configurations 
1-1 through 1-6, the frequency of replacement of the 
windows or polishing body can be reduced, so that the 
cost of polishing can be reduced. is 

[Embodiment 1-1] , 

[0161] Rgure 9 is a diagram which is used to illustrate 
a first example of a polishing pad (polishing body) con- 20 
stituting an embodiment of the present invention. 
[01 62] In regard to the materials used, eppxy principal 
agents Epicote 828 and Epicote 87 1 (both manufac- 
tured by Yuka Shell Epoxy K.K.) and a diaminodiphe- . 
nylmethane curing agent were mixed and agitated at a 25 
weight ratio of 2.6 : 3.9 : 1 , and this mixture was caused 
to flow into onto an aluminum plate with a diameter of 
800 mm which had a mold with hole parts as the obser- 
vation window parts. The mixture was then cured by be- 
ing heated for 8 hours at 1 50 °C, thus producing a pol- 30 
ishing pad (polishing body) 21. 
[0163] Next, a spiral V-shaped groove (angle of V: 
60°) with a pitch of 0.5 mm and a depth of 0.3 mm and 
lattice-form grooves with a pitch of 1 5 mm, a width of 2 
mm and a depth of 0.5 mm were formed in the surface 35 
of the above-mentioned epoxy resin by cutting. Figure 
10 shows a sectional view of the V-shaped groove 37 
(angle of V: 60°) in this polishing pad 21 . 
[0164] The thickness of the resin part of this polishing 
pad 21 was 2 mm, and the amount of compressive de- 40 
formation was 2 p,m in the case of a load of 10 kgf/cm 2 
(9.8 x 10 s Pa). 

[0165] An acrylic material was selected as the mate- 
rial of the window plate 31, and a hard coating with a 
thickness of approximately 1 urn was formed by coating *s 
this acrylic material with a hard coating liquid prepared 
by dispersing colloidal silica in a partial co-hydrolyzate 
of a universally known epoxysilane, and curing this liq- 
uid by heating. As is shown in Rgure 9, [the window 
plate 31 ] was inserted and fastened in the hole part of 50 
the molded polishing pad so that the hard-coated side 
of the window plate 31 faced toward the uppermost layer 
of the polishing pad, and so that the gap a was 1 00 urn 
in the loaded/compressed state. The transmissivity of 
the window plate 31 and slurry (SS25 manufactured by 55 
Cabot Co., diluted 2X) with respect to the measurement 
light when th e opening part 32 formed above the window 
plate 31 was filled with the slurry was 89%. 




[0166] This polishing pad 21 was bonded to the sur- 
face of a platen 20, so that a polishing member 1 5 was 
constructed. Using a polishing apparatus of the type 
shown in Figure 2, a six-inch silicon wafer on which a 
thermal oxidation film had been formed to a thickness 
of 1 um was held on the polishing head 1 6, and polishing 
was performed under the following conditions: 

Polishing head rpm: 50 rpm 
Platen rpm: 20 rpm 
Load: 460 g/cm 2 (4.5 x 1 0 4 Pa) 
Oscillation width: 30 mm 
Oscillation rate: 15 strokes/min 
Polishing time: 3 min 
Slurry used: SS25 diluted 2X 
Slurry flow rate: 200 ml/min 

[0167] During polishing, a polishing rate of 100 nm/ 
min was observed by in-situ optical measurement of the 
residual film thickness via the window plate used for ob- 
servation as shown in Figure 11. The stability of this 
measurement was confirmed as a result of repeated 
measurements. 

[0168] Furthermore, no deleterious effects such as 
non-uniformity of polishing or scratching were caused 
by the measurement window. 

[Embodiment 1 -2] 

[0169] A polishing body of the type shown in Figure 4 
was manufactured. Here, a two-layer polishing body 
(hereafter referred to as D IC1000/SUBA400") in which 
the lower layer of the polishing body 21 consisted of 
SUBA400 manufactured by Rodel Co., and the upper 
layer consisted of Id 000 manufactured by Rodel Co., 
was used. 

[0170] Window plates 31 a, 31 b and 31c consisting of 
a polyurethane were respectively installed so that the 
amount of recess of the surface of the window on the 
side of the object of polishing from the surface of the 
polishing body was 0.15 mm in the case of the opening 
part 32a, 0.3 mm in the case of the opening part 32b, 
and 0.45 mm in the case of the opening part 32c. 
[0171] This polishing body was used in the polishing 
apparatus shown in Figure 2, and a six-inch silicon wafer 
on which a thermal oxidation film had been formed to a 
thickness of 1 urn was polished under the conditions 
shown below. The residual film thickness on the silicon 
wafer was measured in situ by means of the polished- 
state measuring device 23 using the window plate 31a 
in the opening part 32a. 

Polishing head rpm: 50 rpm 
Platen rpm: 50 rpm 

Load applied to polishing head: 2.4 x 10 4 Pa 
Oscillation of polishing head: none 
Polishing time: 90 sec 

Polishing agent used: SS25 manufactured by Cabot 
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Co., diluted 2X with Ion exchange water 
Polishjng agent flow rate: 200 ml/min 

[0172] The mean polishing rate in this case was 430 
nm/min. Following the completion of polishing, dressing 
was performed for 1 minute using a diamond grinding 
wheel with an abrasive grain size of #100. 
[0173] The above-mentioned polishing process and 
dressing process were repeated, with a fresh six-inch 
silicon wafer on which a thermal oxidation film had been 
formed to a thickness of 1 ^m being used each time. 
Figure 12 is a graph which shows the reflective spec- 
trum from the surface of the silicon wafer measured in 
situ at a certain instant during polishing. Among the 
curves shown in the graph of Figure 12, curve (a) indi- 
cates the reflective spectrum that was obtained. In the 
graph shown in Figure 12, the horizontal axis indicates 
wavelength, while the vertical axis indicates the intensity 
ratio of the measured reflective spectrum to a standard 
reflective spectrum obtained in a case where a silicon 
wafer on which an aluminum film had been formed was 
installed on top of the window part of the polishing body 
in a state in which ion exchange water was interposed 
instead of the polishing agent, with the reflective spec- 
trum of the light returning to the polished-state measur- 
ing device 23 being taken as the [above-mentioned] 
standard reflective spectrum. In-situ measurement of 
the residual film thickness of the thermal oxidation film 
on the silicon wafer was possible by means of wave- 
length fitting using a simulation. 

[0174] However, the window began to be scratched 
by dressing following the polishing of the 120 th silicon 
wafer, and the reflective spectrum obtained after the pol- 
ishing of the 150 th silicon wafer was as indicated by 
curve (b) in Figure 12, so that the probability of error 
being generated in the in-situ measurement became 
large. 

[0175] Then, when in-situ measurement was per- 
formed after a switch was made to the window plate 3 1 b 
in the opening part 32b in which the amount of recess 
in the initial state was 0.3 mm, [it was found that] error- 
free in-situ measurement was possible as before. 
[0176] Furthermore, when a dressing treatment was 
performed following the polishing of the 260 th silicon wa- 
fer, scratching occurred in the window plate 31b of the 
opening part 32b, and with the polishing of the 280 th sil- 
icon wafer, measurement became difficult as a result of 
a drop in the transmissivity of the window plate 31 b. 
[0177] When in-situ measurement was again per- 
formed following a switch to the window plate 31 c in the 
opening part 32c, in which the amount of recess in the 
initial state was 0.45 mm, [it was found that] . in-situ 
measurement was possible as before. Finally,, in the 
case of the window plate 31c in the opening part 32c, 
in-situ measurement was possible up to the polishing 
process and dressing process of the 450 th silicon wafer. 



[Embodiment 1-3] 



[0178] A polishing body of the type shown in Figure 5 
was manufactured. An 1C1000/SUBA400 polishing 

5 body manufactured by Rodel Co., was used as this pol- 
ishing body, and an opening part 32 was formed in one 
place in this polishing body 21 . A window plate 31 con- 
sisting of a polyurethane was installed in this opening 
part 32, [This window plate 31] was arranged so that the 

10 amount of recess of the surface of the window plate 31 
on the side of the object of polishing with respect to the 
surface of the polishing body 21 was respectively 0.15 
mm, 0.3 mm and 0.45 mm in the respective parts 33a, 
33b and 33c [of the window plate 31 ]. 

is [0179] Afterward, the above-mentioned polishing 
body 21 was installed on the platen of a polishing appa- 
ratus of the type shown in Figure 2. A six-inch silicon 
wafer on which a thermal oxidation film had been formed 
to a thickness of 1 jxm was polished under the conditions 
20 shown below, and the residual film thickness on the sil- 
icon wafer was measured in situ by means of the pol- 
ished-state measuring device 23 using the part 33a of 
the.window plate 31. 

25 Polishing head rpm: 50 rpm 
Platen rpm: 50 rpm ■ 

Load applied to polishing head: 2.4 x 1 0 4 Pa 
Oscillation of polishing head: none 
Polishing time: 90 sec 
so Polishing agent used: SS25 manufactured by Cabot 
Co., diluted 2X with ion exchange water 
Polishing agent flow rate: 200 ml/min 

[0180] The mean polishing rate in this case was 430 

35 nm/min. Following the completion of polishing, dressing 
was performed for 1 minute using a diamond grinding 
wheel with an abrasive grain size of #1 00. 
[01 81 ] When the above-mentioned polishing process 
and dressing process were repeated using a fresh six- 

40 inch silicon wafer on which a thermal oxidation film had 
been formed to a thickness of 1 \im each time, the part 
33a of the window plate 31 began to be scratched by 
dressing following the polishing of the 120 th silicon wa- 
fer, and with the polishing of the 150 th [silicon wafer], the 

45 probability of error being generated in the in-situ meas- 
urement increased as a result of a drop in the transmis- 
sivity of the part 33a of the window plate 31 . 
[0182] Then, when in-situ measurement was per- 
formed following a switch to the part 33a, in which the 

so amount of recess in the initial state was 0.3 mm, [it was 
found that] error-free in-situ measurement was possible 
as before. 

[0183] Furthermore, when a dressing treatment was 
performed following the polishing of the 260 th silicon wa- 
55 fer, the part 33b of the window plate 31 began to be 
scratched, and with the polishing of the 280 th silicon wa- 
fer, the probability of error being generated in the in-situ 
measurement increased as a result of a drop in the 
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transmissivity of the part 33b of the window plate 31. 
[0184] When in-situ measurement was again per- 
formed following a switch to the part 33c of the window 
plate 31 , In which the amount of recess in the initial state 
was 0.45 mm, [it was found that] error-free in-situ meas- 5 
urement was possible as before. 
[0185] Finally, in the case of the part 33c of the win- 
dow plate 31 , in-situ measurement was possible up to 
the polishing treatment of the 450 th silicon wafer. 

10 

[Embodiment 1-4] 

[01 86] A polishing body of the type shown in Figure 6 
was manufactured. An IC1000/SUBA400 polishing 
body manufactured by Rodel Co. , was used as this pol- is 
ishing body 21 , and an opening part was formed in one 
place in this polishing body. 

[0187] A window plate 31 consisting of a polyurethane 
was installed at an inclination as shown in Figure 6. [This 
window plate 31] was arranged so that the amount of 20 
recess of the surface of the window plate 31 on the side 
of the object of polishing with respect to the surface of 
the polishing body 21 was a minimum of 0.1 mm (in the 
area of 34a) and a maximum of 0.5 mm (in the area of 
34d). 25 
[01 88] Using this polishing body as the polishing body 
in a polishing apparatus of the type shown in Figure 2, 
a six-inch silicon wafer on which a thermal oxidation film 
had been formed to a thickness of 1 jim was polished 
under the conditions shown be low. The residua! film so 
thickness on the silicon wafer was measured in situ by 
means of the polished-state measuring device 23 using 
the area of 34a on the window plate 31 . 

Polishing head rpm: 50 rpm 35 
Platen rpm: 50 rpm 

Load applied to polishing head: 2.4 x 10 4 Pa 
Oscillation of polishing head: none 
Polishing time: 90 sec 

Polishing agent used: SS25 manufactured by Cabot 40 
Co., diluted 2X with ion exchange water 
Polishing agent flow rate: 200 ml/min 

[0189] The mean polishing rate in this case was 430 
nm/min. Following the completion of polishing, dressing 45 
was performed for 1 minute using a.diamond grinding 
wheel with an abrasive grain size of #1 00. 
[0190] When the above-mentioned polishing process 
and dressing process were repeated using a fresh six- 
inch silicon wafer on which a thermal oxidation film had 50 
been formed to a thickness of 1 ujti each time, the trans- 
missivity in the area of 34a on the window plate 31 
dropped as a result of dressing following the polishing 
of the 50 th silicon wafer, and with the polishing of the 
70 th silicon wafer, the probability of error being generat- 55 
ed in the in-situ measurement increased as a result of 
the drop in transmissivity. 

[0191] Then, when in-situ measurement was per- 
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formed following a switch to. the area of 34b, in which a 
transmissivity comparable to that obtained at the initia- 
tion of polishing could be obtained, [it. was found that] 
in-situ measurement was possible as before. 
[0192] Furthermore, when dressing was performed 
following the polishing of the 110 th silicon wafer, there 
was a drop in the transmissivity, and with the [polishing 
of the] 140 th silicon wafer, the probability of error being 
generated in the in-situ measurement increased as a re- 
sult of the drop in transmissivity. 
[0193] When in-situ measurement was again per- 
formed following a switch to the area of 34c of the win- 
dow plate 31, in which a transmissivity comparable to 
that obtained at the initiation [of polishing] could be ob- 
tained, [it was found that] error-free in-situ measurement 
was possible as before. 

[0194] The above-mentioned operation was repeat- 
ed, and in-situ measurement was ultimately possible up 
to the polishing treatment of the 650 th silicon wafer. 

[Embodiment 1-5] 

[0195] A polishing body of the type shown in Figure 
13 was manufactured. An upper transparent material 
[sheet] 37 consisting of a polyurethane [sheet] with a 
size of 20 mm x 50 mm and a thickness of 0.6 mm was 
fastened by means of a U V adhesive agent to the upper 
surface of a lower transparent material [sheet] 37 (of the 
same size and with a thickness of 0.5 mm) on which an 
anti-refiection film was formed, thus forming a two-layer 
window. In this case, the window 31 as a whole had a 
size of 20 mm x 50 mm and a thickness of 1.15 mm. 
The anti-reflection film was formed on the surface 37a 
of the acrylic sheet constituting the lower transparent 
material [sheet] 37. . 

[0196] A 20 mm x 50 mm opening part was formed 
in an IC1000 polishing body (21a) manufactured by 
Rodel Co., and a 10 mm x 40 mm opening part was 
formed in an SUBA400 sub-polishing body (21 b). Atwo- 
layer polishing body 21 was formed by laminating the 
above-mentioned polishing bodies so that the centers 
of the respective opening parts coincided. The compres- 
sive elastic modulus of the IC1000 polishing body was. 
7.5 x 10 7 Pa, the compressive elastic modulus of the 
SUBA400 sub-polishing body was 9.6 X 10 6 Pa, the 
compressive elastic modulus of the acrylic was 0.29 x 
10 10 Pa, and the compressive elastic modulus of the 
polyurethane was 7.5 x 10 7 Pa. 
[01 97] Next, the window which was manufactured in 
advance was installed by being bonded in the opening 
part of the polishing body 21 using a two -sided tape 
with a thickness of 0.1 mm: In this case, the amount of 
recess of the surface of the window with respect to the 
surface of the polishing body was 10 pm or less. 
[01 98] This polishing body was attached to a polishing 
apparatus of the type shown in Figure 2, and a sixrinch 
silicon wafer on which a thermal oxidation film was 
formed to a thickness of 1 u.m was polished under the 
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conditions shown below. The residual film thickness of 
the oxidation film on the silicon wafer was measured in 
situ. 

Polishing head rpm: 50 rpm 

Polishing platen rpm: 50 rpm 

Load (pressure with which the object of polishing 

was pressed against the polishing body): 2.4 x 1 0 4 

Pa 

Oscillation: none, Polishing time: 90 sec 
Polishing agent used: SS25 manufactured by Cabot 
Co., diluted 2X with ion exchange water 
Polishing agent flow rate: 200 ml/min 

[0199] The mean polishing rate in this case was 430 
nmymin. In this case, there was no scratching of the sil- 
icon wafer or non-uniform polishing caused by the win- 
dow. Figure 14 is a graph of reflective spectra from the 
surface of the silicon wafer measured in situ. Among the 
curves shown in the graph of Figure 14, curve (a) is the 
reflective spectrum of the present embodiment. 
[0200] In the graph shown in Figure 1 4, the horizontal 
axis indicates wavelength, while the vertical axis indi- 
cates the intensity ratio of the measured reflective spec- 
trum to a standard reflective spectrum obtained in a 
case where a silicon wafer on which an aluminum film 
had been formed was installed on top of the window part 
of the polishing body in a state in which ion exchange 
water was interposed instead of the polishing agent, 
with the reflective spectrum of the light returning to the 
polished-state measuring device 23 being taken as the 
[above-mentioned] standard reflective spectrum. Meas- 
urement of the polished state (i.e., the residual film thick- 
ness of the thermal oxidation film on the silicon wafer) 
was possible by means of wavelength fitting using a sim- 
ulation. 

[Embodiment 1-6] 

[0201] A polishing body was manufactured by a proc- 
ess of the type shown in Figure 15. 
[0202] A quartz glass substrate 41 with a size of 20 
mm x 50 mm and a thickness of 1 mm, on which an 
anti-reflection film 42 was formed, was prepared (Figure 
15 (a)). A heat-resistant tape 43 was wrapped around 
the periphery of this quartz glass substrate 41, thus 
forming a vessel with a quartz glass bottom surf ace (Fig- 
ure 15 (b)). A resin 44 formed by mixing Epicote 828 
and Epicote 871 (manufactured by Yuka Shell Epoxy K. 
K.) at a weight ratio of 4 : 6, and mixing a dissolving p, 
p'-methylenedianiline (as a curing agent) with this mix- 
ture in an amount equivalent to the epoxy, was poured 
into the above-mentioned vessel and cured by heating 
(Figure 15 (c)). Next, after the epoxy resin 48 was cut 
away parallel to the quartz glass by means of a bit 49, 
etc., (Figure 6 (d)), the epoxy resin 44 was worked to a 
mirror surface by polishing, thus producing a window 45 
consisting of [the above-mentioned] anti-reflection film; 



quartz glass/epoxy resin (in that order from the bottom) 
(Figure 15 (e)). In this case, the thickness of the window 
was 1.6 mm. 

[0203] An aluminum plate 47 with an opening part 46 
s was prepared [ (Figure 1 5 (f))] t and a heat-resistant tape 
43 was bonded to the opening part and periphery of this 
aluminum plate 47 (Figure 15 (g)). An epoxy resin 44 of 
the same composition as that used in the manufacture 
of the window 45 was then poured in to [produce a resin 
10 layer with] a thickness of 4 mm, and this resin was cured 
by heating (Figure 15 (h)). Afterward, in order to form 
the worked epoxy resin 50 into a polishing body, the 
heat-resistant tape on the periphery was removed, and 
a specified groove pattern was formed in the surface of 
is the polishing body by mechanical cutting (Figure 15 (i)). 
[0204] Next, a step-form hole was formed in the open- 
ing part with the size adjusted so that the surface of the 
above-mentioned window would be at the same height 
as the surface of the polishing body (Figure 15 (j)), and 
20 the window was fastened in place by means of a two- 
sided tape (Figure 15 (k)). The amount of recess of the 
surface of the window with respect to the surface of the 
polishing body in this case was less than 1 0 jam, so that 
the surface of the window and the surface of the polish- 
es |ng body constituted more or less the same surface. 
[0205] In [this] embodiment, an aluminum plate with 
an opening part 46 was used as the aluminum plate; 
however, it would also be possible to use an aluminum 
plate that does not have an opening part, and to form 
30 an opening part in the aluminum plate at the same time 
that an opening part is formed in the polishing body in 
the process shown in Figure 1 5 (j). 
[0206] In [this] embodiment, quartz glass was used as 
the lower transparent material, and an epoxy resin was 
35 used as the upper transparent material. The compres- 
sive elastic modulus of the epoxy resin was 1 .47 x 1 0 9 
Pa, and the compressive elastic modulus of the quartz 
glass was 7.31 x 10 10 Pa. 

[0207] The polishing body thus manufactured was at- 
40 tachedto a polishing apparatus of the type shown in Fig- 
ure 2, and a six-inch silicon wafer on which a thermal 
oxidation film was formed to a thickness of 1 jim was 
polished under the conditions shown below. The resid- 
ual film thickness of the oxidation film on the silicon wa- 
fer was measured in situ. 

Polishing head rpm: 50 rpm 
Polishing platen rpm: 50 rpm 
Load (pressure with which the object of polishing 
so was pressed against the polishing body): 2.4 x 10 4 
Pa 

Oscillation: none 
Polishing time: 90 sec 

Polishing agent used: SS25 manufactured by Cabot 
55 Co., diluted 2X with ion exchange water 
Polishing agent flow rate: 200 ml/min 

[0208] The mean polishing rate in this case was 210 
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nm/riiin. Furthermore, there was no scratching of the sil- 
icon wiafer or non-uniform polishing caused by the win- 
dow. Moreover, the reflective spectrum from the surface 
of the silicon wafer obtained by in-situ measurement is 
curve (b) in Figure 14. Measurement of the polished . s 
state (i.e., the residual film thickness of the thermal ox- 
idation film on the silicon wafer) was possible by means 
of wavelength fitting using a simulation! 

[Comparative Example 1-1] io 

[0209] An IC1 000/SUBA400 polishing body manufac- 
tured by Rodel Co., was used as a polishing body; ah 
opening part was formed in one place in this polishing 
body. A window consisting of a polyurethane was in- "is 
stalled in the opening part of the polishing body so that 
the amount of recess of the surface of the window on 
the side of the object of polish ing from the surface of the 
polishing body was 10 jam or less. 

[0210] This polishing body was installed in a polishing 20 
( apparatus of the type shown in Figure 2, and a six-inch 

silicon wafer on which a thermal oxidation film was 
formed to a thickness of 1 pm was polished under the 
conditions shown below. The re sidual film thickness on 
the silicon wafer was measured in situ. 25 

Polishing head rpm: 50 rpm 
Platen rpm: 50 rpm 

Load applied to polishing head: 2.4 x 10 4 Pa 
Oscillation of polishing head: none 30 
Polishing time: 90 sec 

Polishing agent used: SS25 manufactured by Cabot 
Co., diluted 2X with ion exchange water 
Polishing agent flow rate: 200 ml/min 

35 

[0211] The mean polishing rate in this case was 430 
nm/min. 

[0212] When dressing was performed for 1 minute by 
means of a diamond grinding wheel with an abrasive 
I grain size of #1 00 following the completion of polishing, 40 

the surface of the window on the side of the object of 
polishing was scratched, and became opaque. The total 
amount of transmitted light passing through the window 
in this case was 1% or less of the total amount of trans- 
mitted light prior to dressing (i.e., when the surface of 45 
the window on the side of the object of polishing was not 
scratched). 

[0213] A second [silicon wafer] was polished under 
the same polishing conditions as those described 
above; however, in-situ measurement of the residual so 
film thickness on the silicon wafer was not possible, 

[Comparative Example 1 -2] 

[021 4] An IC1 000/SUBA400 polishing body manufac- ss 
tured by Rodel Co., was used as a polishing body; an 
opening part was formed in one place in this polishing 
body. A window consisting of an acrylic [resin] was in- 
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stalled in the opening part of the polishing body so that 
the amount of recess of the surface of the window on 
the side of the object of polishing from the surface of the 
polishing body was 0.1 mm. : 
[0215] This polishing body was installed in a polishing 
apparatus of the type shown in Figure 2, and 150 six- 
inch silicon wafers oh which a thermal oxidation film was 
formed to a thickness of 1 urn were continuously pol- 
ished under the conditions shown be low. The residual 
film thickness on the silicon wafers was measured in 
situ; 

Polishing head rpm: 50 rpm 
Platen rpm: 50 rpm 

Load applied to polishing head: 2.4 x 10 4 Pa 
Oscillation of polishing head: none 
Polishing time: 90 sec 

Polishing agent used: SS25 manufactured by Cabot 
Co., diluted 2X with ion exchange water 
Polishing agent flow rate: 200 ml/min 

Dressing conditions: 1 minute for each silicon wafer pol- 
ished, using a diamond grinding wheel with an abrasive 
grain size of #100 

[0216] As a result, scratching of the window occurred 
after 17 [silicon wafers] were polished. When polishing 
was continued, the amount of light reflected from the sil- 
icon wafer became attenuated after 53 [wafers] were 
polished, so that in-situ measurement became difficult. 
When the window was checked, it was found that the 
window had come to resemble mica glass as a result of 
scratches caused by dressing. Measurements of the 
thickness of the polishing body before arid aftier polish- 
ing indicated that the polishing body had suffered 0.05 
m of wear, as a result of polishing and dressing. 

[Comparative Example 1-3] 

[0217] An acrylic window with a size of 20 mm x 50 
mm and a thickness of 2 mm on which an anti-reflection 
film was formed was fastened in the same manner as in 
Embodiment 1 -6 in the opening part of a polishing body 
manufactured in the same manner as in Embodiment 
1-6, so that the surface of the window and the surface 
of the polishing body were at the same height. The re- 
cess of the surface of the window with respect to the 
surface of the polishing body in this case was 10 pm or 
less. 

[021 8] This polishing body was attached to a polishing 
apparatus of the type shown in Figure 2, and a six-inch 
silicon wafer on which a thermal oxidation film was 
formed to a thickness of 1 ^m was polished under the 
conditions shown below. The residual film thickness of 
the oxidatipn film on the silicon wafer was measured in 
situ. 

Polishing head rpm: 50 rpm 
Polishing platen rpm: 50 rpm 
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Load (pressure with which the object of polishing 
was pressed against the polishing body): 2.4 x 1 0 4 
Pa 

Oscillation: none 
Polishing time: 90 sec 

Polishing agent used: SS25 manufactured by Cabot 
Co., diluted 2X with ion exchange water 
Polishing agent flow rate: 2G0 mt/min 

[0219] As in Embodiments 1-5 and 1-6, a reflective 
spectrum from the surface of the silicon wafer was ob- 
tained by measurement in situ, and it was possible to 
measure the polished state (i.e., the residual film thick- 
ness of the thermal oxidation film on the surface of the 
silicon wafer) in situ. However, the silicon wafer was 
scratched by polishing. 

[Comparative Example 1-4] 

[0220] A polyurethane window with a size of 20 mm 
x 50 mm and a thickness of 2 mm was fastened in the 
same manner as in Embodiment 1 -6 in the opening part 
of a polishing body manufactured in the same manner 
as in Embodiment 1 -6, so that the surface of the window 
and the surface of the polishing body were at the same 
height. 

[0221] This polishing body was attached to a polishing 
apparatus of the type shown in Figure 2, and a six-inch 
silicon wafer on which a thermal oxidation film was 
formed to a thickness of 1 ^m was polished under the 
conditions shown below. The residual film thickness of 
[the oxidation film on] the silicon wafer was measured 
in situ using the opening part. 

Polishing head rpm: 50 rpm 

Polishing platen rpm: 50 rpm 

Load (pressure with which the object of polishing 

was pressed against the polishing body): 2.4 x 1 0 4 

Pa 

Oscillation: none 
Polishing time: 90 sec 

Polishing agent used: SS25 manufactured by Cabot 
Co., diluted 2X with ion exchange water 
Polishing agent flow rate: 200 ml/min 

[0222] In this case, there was no scratching of the sil- 
icon wafer or non-uniform polishing caused by the win- 
dow. Figure 16 is a graph of the reflective spectrum ob- 
tained in this case. As a result of deformation of the poly- 
urethane window, the shape of the measured reflective 
spectrum was distorted/so that this spectrum did not 
agree with the measurement simulation; accordingly, 
film thickness measurement was difficult. 

[Working Configuration 1 -7] 

[0223] A method for adjusting the gap between the 
outermost surface of the polishing pad 21 (i.e., the sur- 



face that contacts the object of polishing) and the sur- 
face of the window plate 31 on the side of the outermost 
surface of the polishing pad 21 in the above-mentioned 
polishing apparatus shown In Rgure 2, this method be- 
5 ing one example of a working configuration of the 
present invention, will be described. A device which 
measures the polished film thickness or the polishing 
endpoint from the reflective spectroscopic characteris- 
tics (reflective spectrum) is used as the polished-state 

10 measuring device 23. The reflective spectrum meas- 
ured by the polished-state measuring device 23 is com- 
pared with a reference spectrum obtained by simulation , 
etc., in the signal processing device of the polished- 
state measuring device 23, so that the polished film 

is thickness or polishing endpoint is measured. 

[0224] In cases where the gap between [the outer- 
most surface oif the polishing body 21] and the surface 
of the window plate 31 on the side of the outermost sur- 
face of the polishing body 21 is too large, the loss of light 

20 caused by the polishing agent that is present in the re- 
cessed part formed in the polishing body 21 above the 
window plate 31 becomes excessive. As a result, only 
a very weak signal can be obtained in the polished-state 
measuring device 23, so that the polished film thickness 

25 or polishing endpoint cannot be measured in a favorable 
manner. On the other hand, in cases where the gap be- 
tween [the outermost surface of the polishing body 21 ] 
and the surface of the window piate 31 on the side of 
the outermost surface of the polishing body 21 is too 

30 small, a signal created by the interference of the layer 
of polishing agent that is present in the above-men- 
tioned recessed part is added to the signal of the pol- 
ished-state measuring device 23, so that the polished 
fiim thickness or polishing endpoint cannot be measured 

35 jn a favorable manner. 

[0225] In the present working configuration, however, 
the gap between the outermost surface of the polishing 
body 21 (i.e., the surface that contacts the object of pol- 
ishing) and the surface of the window plate 31 on the 

40 side of this outermost surface is adjusted while monitor- 
ing the signal measured by the polished-state measur- 
ing device 23 so that a signal with a strength that allows 
favorable measurement of the polished film thickness 
or polishing endpoint can be measured by the polished- 

45 state measuring device 23. Accordingly, in the polishing 
process, the polished-state measuring device 23 can 
measure the polished film thickness or polishing end- 
point in a favorable manner. 

so [Working Configuration 1 -8] 

[0226] Next, a method for measuring the polished film 
thickness or polishing endpoint which constitutes a 
working configuration of the present invention will be de- 
55 scribed with reference to Figure 2. [Here,] a device 
which measures the polished film thickness or polishing 
endpoint from the reflective spectroscopic characteris- 
tics (reflective spectrum) is used as the poiished-state 
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measuring device 23. 

[0227] There may be instances in which the thickness 
of the [layer of] polishing agent between the window 
plate 31 and object of polishing is not constant during 
polishing, so that an inappropriate signal is obtained in 
the measurement of the polished film thickness or pol- 
ishing endpoint. The term "inappropriate signal" refers 
to (for example) an extremely weak signal that is ob- 
tained in cases where the loss caused by the polishing 
agent is excessive as described above, or a signal which 
includes a signal caused by interference of the layer of 
polishing agent that is present in the recessed part 
formed on top of the window pjate 31 . 
[0228] In the present working configuration, this prob- 
lem is dealt with as follows; specifically, inappropriate 
signals obtained during adjustment by the adjustment 
method constituting the [above-mentioned] working 
configuration of the present invention, etc., are stored 
in a memory device (not shown in the figures) as signals 
measured beforehand; then, during polishing, the 
present working configuration includes a stage in which 
the signal measured by the polished-state measuring 
device 23 is compared with the above-mentioned sig- 
nals stored in the memory device, and if these signals 
are equal, the signal measured by the polished-state 
measuring device 23 is not used in polished film thick- 
ness [measurement] or polishing endpoint detection. As 
a result, even in cases where the thickness of the [layer 
of] polishing agent between the window and the object 
of polishing is not constant, so that [measurement] is 
unstable, there is no erroneous measurement in the 
measurement of the polished film thickness or polishing 
endpoint. 

[Working Configuration 1-9] . 

[0229] Figure 1 7 is a sectional view of the area in the 
vicinity of the opening part in the platen of a polishing 
apparatus constituting a working configuration of the 
present invention. In Figure 17, 51 indicates a moving 
device consisting of an electrically operated stage, 52 
indicates a window supporting stand, 53 indicates an O- 
ring, 54 indicates a gap sensor, 55 indicates a computer, 
56 indicates a stage controller, and 57 indicates a motor. 
[0230] A window supporting stand 52 which supports 
the window plate 31 is attached to the moving device 
51 , and a movable window formed by installing the win- 
dow plate 31 on the upper end of the window supporting 
stand 52 is installed in the opening part 22 of the platen 
20. Thus, the window plate 31 is installed in the platen 
20 via the window supporting stand 52 and the moving 
device 51. A piezo[-electric] stage, etc., may also be 
used as the moving device 51 instead of an electrically 
operated stage. The window supporting stand 52 is a 
pipe-form. part, and the hollow part of this pipe forms a 
light path for polishing endpoint detection or film thick- 
ness measurement, etc. In order to prevent invasion by 
the polishing agent, the gap between the opening part 



22 in the platen 20 and the window supporting stand 52 
is sealed by means of grease (not shown in the figures) 
or an O-ring 53, or both. 

[0231] Th e window supporting stand 52 and window 
plate 31 can be moved in the vertical direction in Figure 
17 by means of the moving device 51 , so that the posi- 
tion of the surface of the window plate 31 on the side of 
the object of polishing can be moved. 
[0232] A device 23 which observes. the state of the 
polished surface, and a gap sensor 54 which senses the 
gap between the surface of the window p late 31 and the 
polished surface of the silicon wafer constituting the ob- 
ject of polishing, are installed beneath the platen 20. The 
gap b etween the surface of the window plate 31 on the 
side of the object of polishing and the polished surface 
of the object of polishing is the same as the amount of 
recess of the surface of the window plate 31 on the side 
of the object of polishing with respect to the surface of 
the polishing body 21 . Polishing endpoint detection or 
film thickness measurement is performed by the pol- 
ished -state measuring device 23. A sensor utilizing the 
auto-focus principle, a sensor utilizing the interference 
principle, or a sensor which emits light, receives the re- 
flected light and outputs a control signal so that the 
amount of light received remains constant, etc., may be 
used as the gap sensor 54. 

[0233] The motor 57 of the electrically operated stage 
is driven via the compute r 55 (which constitutes a con- 
trol device) and stage controller 56 in accordance with 
the measurement results of the gap sensor 54, so that 
the gap between the surface of the window plate 31 on 
the side of the object of polishing and the polished sur- 
face of the silicon wafer (not shown in the figures) con- 
stituting the object of polishing is controlled. Further- 
more, the control of the gap between the surface of the 
window plate 31 and the polished surface of the silicon 
wafer (not shown in the figures) according to the signal 
from the gap sensor54 is set and controlled by the com- 
puter 55 so that the above-mentioned gap always re- 
mains constant. 

[0234] Each time the polishing of one silicon wafer is 
completed, : dressing is performed. During dressing as 
well, the position of the surface of the window plate 31 
is controlled so that this position is fixed in the position 
to which. the surface was controlled during the above 
-mentioned polishing. Following dressing, the silicon 
wafer that is to be polished next is attach ed to the pol- 
ishing head 16, and polishing is performed. Thus, the 
polishing process and dressing process are alternately 
repeated. 

[0235] Furthermore, in this working configuration, the 
position of the window plate 54 is controlled using a gap 
sensor 54 [that senses the gap] between the surface of 
the window plate 31 on the side of the object of polishing 
and the polished surface of the silicon wafer that consti- 
tutes the object of polishing; however, it would also be 
possible to install a device that senses the state of wear 
of the polishing body 21 instead of [the above-men- 
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tionedj gap sensor 54. In such a case, the moving device 
51 may be controlled so that the surface of the window 
plate 31 on the side of the object of polishing is moved 
downward in Figure 1 7 by an amount corresponding the 
amount of wear of the polishing body 21 . 
[0236] A contact needle type displacement gauge or 
an optical displacement gauge, etc., can be used as a 
device that senses the state of wear of the polishing 
body 21. Furthermore, control of the position of the win- 
dow plate 31 may also be performed using both a gap 
sensor 54 and a device that senses the state of wear of 
the polishing body. 

[0237] Thus, in the polishing apparatus of the present 
working configuration, the position of the surface of the 
window plate 31 on the side of the object of polishing is 
controlled by the moving device 51 , so that the surface 
of the window plate 31 on the side of the object of pol- 
ishing is recessed with respect to the surface of the pol- 
ishing body 21, thus maintaining a constant gap be- 
tween the surface of the window plate 31 and the pol- 
ished surface of the sijicon wafer that constitutes the ob- 
ject of polishing, and this state is also maintained during 
dressing. Accordingly, since the surface of the window 
on the side of the object of polishing is not scratched by 
dressing, polishing endpoint detection or film thickness 
measurement can be accomplished at all times. As a 
result, the same polishing body can be used in polishing 
for a longer period of time than is possible in the case 
of conventional [polishing bodies], so that the frequency 
of replacement of the polishing body or window is re- 
duced, thus making it possible to reduce the cost of pol- 
ishing. 

[0238] Furthermore, in the polishing apparatus of the 
present working configuration, the control of the gap be- 
tween the surface of the window plate 31 and the pol- 
ished surface of the silicon wafer is set and controlled 
by a computer 55 so that the above-mentioned gap is 
always maintained at a constant value; however, in a 
method that differs from this control method, it would al- 
so be possible to control the gap between the surface 
of the window and the polished surface of the silicon wa- 
fer by using the [above-mentioned] computer 55 to pre- 
dict the amount of wear of the polishing body from the 
polishing conditions, polishing time, dressing conditions 
and dressing time. 

[0239] In the descriptions of the respective working 
configurations given above, it was assumed that dress- 
ing was performed each time that the polishing of a sin- 
gle silicon wafer is completed; however, it goes without 
saying that these working configurations could also be 
used in cases where dressing of the polishing body is 
performed each time that the polishing of an appropriate 
number of silicon wafers consisting of two or more sili- 
con wafers is completed. 

[Working Configuration 1-10] 

[0240] The basic construction of the polishing appa- 



ratus of the present working configuration is the same 
as the construction in Working Configuration 1-9 (Figure 
17); however, a position sensor is further installed on 
the platen 20. The position sensor that is used is a sen- 
5 sor that outputs a signal only when a silicon wafer is 
positioned above the opening part 22 in the platen (or 
only when no silicon wafer is positioned above the open- 
ing part in the platen), and the above-mentioned signal 
from this position sensor is input into the computer 55. 
10 Furthermore, dynamic control that is synchronized with 
the rotation of the platen 20 is performed, thus causing 
the window plate 31 to be moved, so that when a silicon 
wafer is present in a position other than a position above 
the opening part 22, the amount of recess of the surface 
1 $ of the window plate 31 on the side of the object of pol- 
ishing with respect to the surface of the polishing body 
21 is increased to a value that is greater than the gap 
that is present between the surface of the window plate 
31 and the silicon wafer when a silicon wafer is posi- 
20 tioned above the opening part 22. 

[0241] Thus, since the amount of recess of the win- 
dow is controlled so that this amount of recess is small 
only when the polishing endpoint or film thickness is be- 
ing measured during polishing, and is large at all other 
times, there is ho need to perform dressing of the pol- 
ishing body 21 between polishing operations; [instead,] 
a diamond grinding Wheel, etc., used for dressing can 
be disposed on the polishing body 21 together with the 
polishing head, and dressing can be performed simul- 
taneously (i.e., in situ) with polishing. 
[0242] Thus, in the polishing apparatus of the present 
working configuration, as a result of the position of the 
surface of the window plate 31 on the side of the object 
of polishing being controlled by the moving device 51 , 
the amount of recess of the surface of the window plate 
31 on the side of the object of polishing with respect to 
the surface of the polishing body 21 is increased when 
a diamond grinding wheel usedfordressing passes over 
the opening part of the polishing body 21 ; accordingly, 
even if dressing is performed while the object of polish- 
ing is being polished, this dressing will cause no scratch- 
ing of the surface of the window on the side of the object 
of polishing, so that polishing endpoint detection or film 
thickness measurement can be performed at all times. 
[0243] As a result, the same polishing body can be 
used in polishing for a longer period of time than is pos- 
sible in the case of conventional [polishing bodies], so 
that the frequency of replacement of the polishing body 
or window is reduced; furthermore, since there is no 
need to take [extra] time in order to perform dressing, 
the overall time required for the polishing of a plurality 
of objects of polishing is shortened. Accordingly, the 
cost of polishing can be reduced. 
[0244] Thus, in the above-mentioned Working Config- 
urations 1 -9 and 1 -1 0 as well, it is desirable (for the rea- 
sons described above) that the position of the window 
be controlled so that the amount of recess dof the sur- 
face of the window on the side of the object of polishing 
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with respect to the surface of the polishing body in the 
position where the measurement light passes through 
is such that Q\im< d < 400 jim. 
[0245] Furthermore, in these working configurations 
as well, It is desirable that a niateriaJ of the type de- s 
scribed above be used as the window materia!. 

[Working Configuration 1-11] 

[0246] Figure 1 8 shows a schematic outline of the ar- 10 
ea in the vicinity of the polishing body of the polishing 
apparatus of the present working configuration. Figure 
18 (a) is a sectional view of the area in the vicinity of the 
opening part, and Figure 18 (b) is a sectional view which 
shows the conditions in the vicinity of the opening part is 
when the object of polishing has arrived at a point above 
the opening part. In Figure 18, 58 indicates a window 
fastening tube, 59 indicates a transparent rubber win- . 
dow, 60 indicates a glass window, and 61 indicates an 
air pressure control device. 20 
[0247] A transparent rubber window 59 is attached to 
the upper end of the window fastening tube 58, and a 
glass window 60 is attached to the lower end. Further- 
more, an air pressure control device 61 which is used 
to pressurize or depressurize the interior of the window 25 
fastening tube 58 is connected to the window fastening 
tube 58. A polishing body 21 in which an opening part 
that conforms to the size of the transparent rubber win- 
dow 59 is formed is installed by being bonded to the plat- 
en 20. The transparent rubber window 59 is installed in 30 
the platen 20 via the window fastening tube 58, which 
functions as a moving device. 

[0248] When the pressure inside the window fasten- 
ing tube 58 is a reduced pressure (ordinary pressure), 
the window fastening tube 58 is disposed in the opening 35 
part 22 of the platen 20 in a position which is such that 
the surface of the transparent rubber window 59 on the 
side of the object of polishing is recessed with respect 
to the surface of the poiishing body 21 . Then, when the 
pressure inside the window fastening tube 58 is in- 40 
creased by the air pressure control device 61 , the trans- 
parent rubber window 59 attached to the upper end of 
the window fastening tube 58 expands upward. 
[0249] When the transparent rubber window 59 ex- 
pands upward, this window tends to protrude slightly up- 45 
ward from the surface of the poiishing body 21 ; however, 
when a silicon wafer 17 is present above the opening 
part 22, the surface of the transparent rubber window 
59 on the side of the object of polishing adheres tightly 
to the polished surface of the silicon wafer 59 as shown so 
in Figure 18 (b). 

[0250] Thus, by adjusting the pressure inside the win- 
dow fastening tube 58 by means of th e air pressure con- 
trol device 61 , it is possible to cause expansion of the 
transparent rubber window 59, so that [this device] func- ss 
tions as a moving device that moves the surface of the 
transparent rubber window 59 on the side of the object 
of polishing up ward and downward in Figure 18. 
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[0251 ] A position sensor is installed on the platen 20; 
the position sensor used in this case is a sensor that 
outputs a signal only when a silicon wafer 17 is posi- 
tioned above the opening part 22 in the platen (or only 
when no silicon wafer is positioned above the opening 
part in the platen), and the above-mentioned signal from 
this position sensor is input into, the computer 55. Fur; 
thermore, dynamic control that is synchronized with the 
rotation of the platen 20 is performed so that when a 
silicon wafer i 7 is positioned above the opening part 22, 
the pressure inside the window fastening tube 58 is in- 
creased, and so that when such a wafer is positioned in 
any other position, the pressure inside the window fas- 
tening tube 58 is reduced (to ordinary pressure). As a 
result of this control, the surface of the transparent rub- 
ber window 59 on the side of the object of polishing con- 
tacts the surface of the silicon wafer 17 when such a 
silicon wafer 17 is present above the opening part 22, 
and the surface of the transparent rubber window 59 on 
the side of the object of polishing is recessed with re- 
spect to the surface of the polishing body 21 when such 
a wafer is present in any other position. 
[0252] A polished-state measuring device 23 is in- 
stalled beneath the platen 20, and polishing endpoint 
detection and film thickness measurement are per- 
formed in the same manner as in Working Configuration 
1-9. 

[0253] As a result of the position of the surface of the 
transparent rubber window 59 being controlled as de- 
scribed above, there is no need to perform dressing of 
the polishing body 21 between polishing operations; in- 
stead, in-situ dressing is possible. 
[0254] Furthermore, [this working configuration] is ar- 
ranged so that the surface of the transparent rubber win- 
dow 59 on the side of the object of polishing contacts 
the silicon wafer 17 during polishing endpoint detection 
or film thickness measurement; however, such contact 
is not absolutely necessary. 

[0255] In the present working configuration aswell.for 
the reasons described above, it is desirable that the 
amount of recess d of the portion of the transparent rub- 
berwindow 59 through which the light from the polished- 
state measuring device 23 passes (i.e., the portion that 
is used for polishing endpoint detection and film thick- 
ness measurement) be such that 0 \m\ < d<> 400 \im 
during measurement, and an amount of recess which is 
such that 10 \im < 200 pm is especially desirable. 
[0256] Thus, in the polishing apparatus of the present 
working configuration, the position of the surface of the 
windowontheside of the object of polishing is controlled 
by controlling the pressure inside the window fastening 
tube 58, so that the amount of recess of the surface of 
the window on the side of the object of polishing with 
respect to the surface of the polishing body is increased 
when the diamond grinding wheel used for dressing 
passes over the opening part of the polishing body. Ac- 
cordingly, even if dressing is performed while the object 
of poiishing is being polished, this dressing causes no 
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scratching of the surface, of the window on the side of 
the object of polishing, so that polishing endpoint detec- 
tion or film thickness measurement can be accom- 
plished at all times. As a result, the same polishing body 
can be used in polishing for a longer period of time than 
is possible in the case of conventional [polishing bod- 
ies], so that the frequency of replacement of the polish- 
ing body or window is reduced; furthermore, since there 
is no need to take [extra] time in order to perform dress- 
ing, the overall time required for the polishing of a large 
number of objects of polishing is shortened. According- 
ly, the cost of polishing can be reduced. 
[0257] In ail of the working configurations described 
above, it is desirable to use a device that detects the 
polishing endpoint and measu res the film thickness from 
the reflective spectroscopic characteristics (I.e., the re- 
flective spectrum) as the polished-state measuring de- 
vice 23 that is installed beneath the platen 20. Calcula- 
tion of the film thickness or detection of the polishing 
endpoint is accomplished by comparing the reflective 
spectrum measured by the polished -state measuring 
device 23 with a reference spectrum obtained by simu- 
lation, etc., in a computer (not shown in the figures). Fur- 
thermore, it would also be possible to use a device that 
detects the polishing endpoint or measures the film 
thickness from variations in the reflectivity at a specified 
wavelength, or a device that detects the polishing end- 
point or measures the film thickness by imaging the pol- 
ished surface with a CCD camera, etc., and subjecting 
the image thus acquired to image processing, etc., as 
the polished-state measuring device 23 instead of the 
above-mentioned device that detects the polishing end- 
point and measures thef ilm thickness from the reflective 
spectroscopic characteristics (reflective spectrum). 

[Embodiment 1 -7] 

[0258] A polishing apparatus with a construction such 
as that shown in Figure 17was manufactured. A window 
supporting stand 52 was attached to a moving device 
(electrically operated stage) 51 that had a stroke of 10 
mm, and an acrylic window plate 31 was installed on the 
upper end of this window supporting stand 52. 
[0259] A polished-state measuring device 23 and a 
gap sensor 54 were installed beneath the platen 20. A 
sensor utilizing an auto-focus mechanism was used as 
the gap sensor 54. 

[0260] Next, a polishing body 21 (IC1OO0/SUBA4QO 
manufactured by Rodel Co.) in which an opening part 
conforming to the size of the window plate 31 was 
formed was installed on the platen 20. The control of the 
gap of the window plate 31 by means of a signal from 
the gap sensor 54 was set so that the gap between the 
surface of the window plate 31 on the side of the object 
of polishing and the polished surface of the silicon wafer 
was constantly controlled to 0.2 mm. 
[0261] Subsequently, 150 six-inch silicon wafers on 
which a thermal oxidation film was formed to a thickness 



of 1 urn were consecutively polished one wafer at a time 
under the conditions shown below, and the residual film 
thickness on the silicon wafers was measured in situ by 
means of the polished-state measuring device 23. 

5 

Polishing head rpm: 50 rpm 
Platen rpm: 50 rpm 

Load applied to polishing head: 2.4 x 1 0 4 Pa 
Oscillation of polishing head: none 
10 Polishing time: 90 sec 

Polishing agent used: SS25 manufactured by Cabot 
Co., diluted 2X with ion exchange water 
Polishing agent flow rate: 200 ml/min 

15 [0262] After the completion of polishing, dressing was 
performed for 1 minute using a diamond grinding wheel 
with an abrasive grain size of #1 00. 
[0263] As a result, [it was found] from measurements 
of the thickness of the polishing body before and after 
20 polishing that the polishing body 21 showed 0.1 7 mm of 
wear as a result of polishing and dressing. However, 
there was no scratching of the window plate 31 . 
[0264] Figure 1 9 is a graph of the reflective spectra 
from the surfaces of the silicon wafers that were meas- 
25 ured in situ at a certain instant during polishing. In the 
graph shown in Figure 19, the horizontal axis indicates 
wavelength, while the vertical axis indicates the intensity 
ratio of the measured reflective spectrum to a standard 
reflective spectrum obtained in a case where a silicon 
30 wafer on which an aluminum film had been formed was 
installed on top of the window part of the polishing body 
in a state in which ion exchange water was interposed 
instead of the polishing agent, with the reflective spec- 
trum of the light returning to the polished-state measur- 
es mg device 23 being taken as the [above-mentioned] 
standard reflective spectrum. In the polishing of all of 
the 150 silicon wafers, reflective spectra such as that 
indicated by curve (a) in Figure 1 9 were obtained at a 
certain instant at which the same time had elapsed from 
40 the initiation of polishing; thus, favorable in-situ meas- 
urement was accomplished. 

[Embodiment 1-8] 

45 [0265] Using the same apparatus as in Embodiment 
1-7 (Figure 17), polishing was performed using the 
method of Working Configuration 2-4. Control was per- 
formed so that the gap between the surface of the win- 
dow on the side of the object of polishing and the pol- 

50 ished surface of the above-mentioned object of polish- 
ing was 0.1 mm when the window plate 31 was posi- 
tioned beneath the silicon wafer, and so that the gap be- 
tween the surface of the window on the side of the object 
of polishing and the polished surface of the above-men- 

55 tioned object of polishing was 0.5 mm when [the window 
plate 31] was positioned in other positions. 
[0266] Subsequently, 150 six-inch silicon wafers on 
which athermal oxidation film was formed to athickness 
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of 1 jim were consecutively polished one wafer at a time 
under the conditions shown below, and the residual film 
thickness on the silicon wafers was measured in situ by 
means of the polished-state measuring device 23. 

5 

Polishing head rpm: 50 rpm 
Platen rpm: 50 rpm 

Load applied to polishing head: 2.4 X 10 4 Pa 

Oscillation of polishing head: none 

Polishing time: 90 sec 10 

Polishing agent used: SS25 manufactured by Cabot 

Co., diluted 2X with ion exchange water 

Polishing agent flow rate: 200 ml/mi n 

Dressing conditions: 1 minute for each silicon wafer 

polished, using a diamond grinding wheel with an 15 

abrasive grain size of #1 00 

[0267] As a result, [it was found] from measurements 
of the thickness of the polishing body before and after 
polishing that the polishing body 21 showed 0.15 mrn of 20 
wear as a result of polishing and dressing. However, : 
there was no scratching of the window plate 31 . Further- 
more, in the polishing of all of the 150 silicon wafers, 
reflective spectra such as that indicated by curve (b) in 
Figure 19 were obtained at a certain instant at which the 2s 
same time had elapsed from the initiation of polishing; 
thus, favorable in-situ measurement was accomplished. 



[Embodiment 1-9] 

[0268] A polishing apparatus with a construction of 
the type shown in Figure 18 was manufactured. A trans- 
parent rubber window 59 with a thickness of 0.2 mm was 
attached to the upper end of the window fastening tube 
58, and a glass window 60 was attached to the lower 
end. 

[0269] A polishing body 21 (IC1 000/SUBA400 manu- 
factured by Rodel Co.) in which an opening part con- 
forming to the size of the.transparent rubber window 59 
was formed was bonded to the platen 20; then, the win- 
dow fastening tube 58 was installed in the opening part 
22 of the platen 20 so that the gap from the surface of 
the transparent rubber window 59 on the side of the ob- 
ject of polishing to the surface of the polishing body 20 
under reduced pressure (ordinary pressure) was 0.6 
mm. 

[0270] [The apparatus] was set so that the pressure 
inside the window fastening tube 58 was increased 
when a silicon wafer 1 7 was present above the opening 
part 22, thus causing the surface of the transparent rub- 
ber window 59 on the side of the object of polishing to 
adhere tightly to the polished surface of the silicon wafer 
17. 

[0271] Subsequently, 150 six-inch silicon wafers on 
which a thermal oxidation film was formed to a thickness 
of 1 nm were consecutively polished one wafer at a time 
under the conditions shown below, and the residual film 
thickness on the silicon wafers was measured in situ by 
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means of the polished-state measuring device 23. 

Polishing head rpm: 50 rpm 
Platen rpm: 50 rpm 

Load applied to polishing head: 2.4 x 10 4 Pa 
Oscillation of polishing head: none 
Polishing time: 90 sec 

Polishing agent used: SS25 manufactured by Cabot 
Co., diluted 2X with ion exchanjge water 
Polishing agent flow rate: 200 ml/mih 
Dressing conditions: 1 minute for each silicon wafer 
polished, using a diamond grinding wheel with an 
abrasive grain size of #100 

[0272] As a result, [it was found] from measurements 
of the thickness of the polishing body before and after 
polishing that the polishing body showed 6.16 mm of 
wear as a result of polishing and dressing. However, 
there was no scratching of the window 72. Furthermore, 
in the polishing of all of the 150 silicon wafers, reflective 
spectra such as that indicated by curve (c) in Figure 19 
were obtained at a certain instant at wh ich the same time 
had elapsed from the initiation of polishing; thus, favo- 
rable in-situ measurement was accomplished. 
[0273] Below, an example of a working configuration 
relating to the invention that is used to achieve the sec- 
ond object of the present invention will be described. 

[Working Configuration 2-1] 



[0274] Figure 20 is a flow chart which illustrates the 
semiconductor device manufacturing process [of the 
present invention]. When the semiconductor device 
manufacturing process is started, an appropriate wo rk- 

35 ing process is first selected in step S200 from steps 
S201 through S204 described below. The processing 
then proceeds to one of the steps S201 through S204 
in accordance with this selection. 
[0275] Step S201 is an oxidation process in which the 

40 surface of the silicon wafer is oxidized. Step S202 is a 
CVD process in which an insulating film is formed on the 
surface of the silicon wafer by CVD, etc. Step S203 is 
an electrode formation process in which electrodes are 
formed on the silicon wafer by a process such as vacu- 

45 urn evaporation, etc. Step S204 is an ion injection proc- 
ess in which ions are injected into the silicon wafer. 
[0276] Following the CVD process or electrode forma- 
tion process, the work proceeds to step S205. Step 
S205 is a CMP process. In this CMP process, the 

50 smoothing of inter-layer insulation films or the formation 
of a damascene by the polishing of metal films on the 
surfaces of semiconductor devices, etc., is performed 
using the polishing apparatus of the present invention. 
[0277] Following the CMP process or oxidation proc- 

55 ess, the work proceeds to step S206. Step S206 is a 
photolithographic process. In this photolithographic 
process, the silicon wafer is coated with a resist, a circuit 
pattern is burned onto the silicon wafer by exposure us- 
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Ing an exposure apparatus, and the exposed wafer is 
developed. Furthermore, the next step S207 is an etch- 
ing process in which the portions other than the devel- 
oped resist image are removed by etching, and the re- 
sist is then stripped away, so that the resist that is un- 5 
necessary when etching is completed is removed. 
[0278] Next, in step S208, a judgement is made as to 
whether ornot all of the necessary processes hayebeen 
completed; if these processes have not been complet- 
ed, the work returns to step S200, and the previous 10 
steps are repeated so that a circuit pattern is formed on 
the silicon wafer. If it is judged in step S208 that all of 
the processes have been completed, the work is ended. 
[0279] Since the [polishing] apparatus and [polishing] 
method of the present invention are used in the CMP is 
process in the semiconductor device manufacturing 
method of the present invention, the precision of polish- 
ing endpoint detection or the precision of film thickness 
measurement in the CMP process can be improved, so 
that the yield of the CM P process is improved. As a re- 20 
suit, semiconductor devices can be manufactured at a 
lower cost than in conventional semiconductor device 
manufacturing methods. 

[0280] Furthermore, the polishing apparatus of the 
present invention can also be used in the CMP process- 25 
es of semiconductor device manufacturing processes 
other than the above-mentioned semiconductor device 
manufacturing process. 

Possibilities for Industrial Utilization 30 

[0281] As was described above, the present invention 
can be used as the apparatus and method employed in 
the CMP process of a semiconductor manufacturing 
process. As a result, the precision of polishing endpoint 35 
detection or the precision of film thickness measure- 
ment in the CMP process can be improved, so that the 
yield of the CMP process is improved/Accordingly, sem- 
iconductor devices can be manufactured at a lower cost 
than in conventional semiconductor device manufactur- 40 
ing methods. 

[0282] Furthermore, in the description of the present 
invention, the polishing of wafers on which a pattern was 
formed as shown in Figure 1 was described as an ex- 
ample; however, it goes without saying that the present 45 
invention can also be used for other purposes such as 
polishing for.the purpose of smoothing bare silicon wa- 
fers, etc. 



Claims 

1- A polishing body used in a polishing apparatus [a] 
which is equipped with [i] a polishing head that holds 
the object of polishing and [ii] a polishing body, and 55 
[b] which polishes the above-mentioned object of 
polishing by causing relative motion between the 
above -mentioned polishing body and the above- 



mentioned object of polishing in a state in which a 
polishing agent is interposed between the above- 
mentioned polishing body and the above-men- 
tioned object of polishing; this polishing body being 
characterized by the fact that [a] one or more open- 
ing parts which are used to allow the passage of 
measurement light that optically measures the sur- 
face that is being polished on the above-mentioned 
object of polishing are formed in the above-men- 
tioned polishing body, [b] . window plates that are 
transparent to at least the measurement light are fit 
into the above-mentioned opening parts, and [c] the 
gap between the outermost surface of the above- 
mentioned polishing body (i.e., the surface that con- 
tacts the object of polishing) and the surfaces of the 
above-mentioned window plates on the side of the 
above-mentioned outermost surface in an unload- 
ed state is adjusted so that this gap is greater than 
the amount of compressive deformation of the 
above-mentioned polishing body [that occurs] when 
the polishing load is applied. 

2. A polishing body used in a polishing apparatus [a] 
which is equipped with [i] a polishing head that holds 
the object of polishing and [ii] a polishing body, and 
[b] which polishes the above-mentioned object of 
polishing by causing relative motion between the 
above-mentioned polishing body and the above- 
mentioned object of polishing in a state in which a 
polishing agent is interposed between the above- 
mentioned polishing body and the above-men- 
tioned object of polishing; this polishing body being 
characterized by the fact that [a] one ormore open- 
ing parts which are used to allow the passage of 
measurement light that optically measures the sur- 
face that is being polished on the above-mentioned 
object of polishing are formed in the above-men- 
tioned polishing body, [b] window plates that are 
transparent to at least the measurement light are fit 
into the above-mentioned opening parts, and [c] the 
above-mentioned window plates are constructed by 
laminating two or more plates consisting of trans- 
parent materials. 

3. The polishing body claimed in Claim 2, which is [fur- 
ther] characterized by the fact that the above-men- 
tioned window plates [each] consist of two plates of 
transparent materials that are laminated [together], 
and by the fact that among these plates of transpar- 
ent materials, the compressive elastic modulus of 
the transparent material plate that is located on the 
side of the above-mentioned object of polishing is 
set at a smaller value than the compressive elastic 
modulus of the transparent material plate that is lo- 
cated on the opposite side from the above-men- 
tioned object of polishing. 

4. The polishing body claimed in Claim 2 or Claim 3, 
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which is [further] characterized by the fact that the 
compressive elastic modulus e of the transparent 
material on the side of the above-mentioned object 
of polishing (among the above-mentioned transpar- 
ent materials) is such that 2.9 X 1 0 7 Pa £ e <, i .47 s 
x 1 0 9 Pa, and is more or less the same as the com- 
pressive elastic modulus of the polishing body. 

5. A polishing body used in a polishing apparatus [a] 
which is equipped with [i] a polishing head that holds 10 
the object of polishing and [ii] a polishing body/and 
[b] which polishes the above-mentioned object of 
polishing by causing relative motion between the 
above : mentioned polishing body and the above- 
mentioned object of polishing in a state in which a 
polishing agent is interposed between the above- 
mentioned polishing body and the above-men- 
tioned object of polishing; this polishing body being ' 
characterized by the fact that [a] one or more open- 
ing parts which are used to allow the passage of 20 
measurement light that optically measures the sur- 
face that is being polished on the above-mentioned 
object of polishing are formed in the above-men- 
tioned polishing body, [b] window plates that are 
transparent to at least the measurement light are fit 25 
into the above-mentioned opening parts, and [c] the 
surfaces of the above-mentioned window plates on 
the side of the above-mentioned object of polishing 
are recessed with respect to the surface of the 
above-mentioned polishing body, with the amount so 
of this recess being varied in a stepwise or contin- 
uous manner. 

6. The polishing body claimed in Claim 5, which is [fur- 
ther] characterized by the fact that [the polishing 35 
body] has a plurality of the above-mentioned open- 
ing parts, and the above-mentioned amount of re- 
cess varies in a stepwise manner as a result of this 
amount of recess being different in each of the 
above-mentioned opening parts. 40 

7. The polishing body claimed in Claim 5, which is [fur- 
ther] characterized by the fact that the above-men- 
tioned amount of recess varies in a stepwise man- 
ner as a result of this amount of recess being differ- 45 
ent in two or more portions within the same opening 
part. 

8. The polishing body claimed in Claim 5, which is [fur- 
ther] characterized by the fact that the above-men- so 
tioned window plates are parallel flat-plate-form 
transparent plates, and the above-mentioned win- 
dow plates are installed at an inclination with re- 
spect to the surface of the above-mentioned polish- 
ing body, so that the above-mentioned amount of 55 
recess varies in a continuous manner. 

9. A polishing body used in a polishing apparatus [a] 



which is equipped with [Q a polishing head that holds 
the object of polishing and [ii] a polishing body, and 
jb] which polishes the above-mentioned object of 
polishing by causing relative motion between the 
above-mentioned , polishing body and the above- 
mentioned object of polishing in a state in which a 
polishing agent is interposed between the above- 
mentioned polishing body and the above-men- 
tioned object of polishing; this polishing body being 
characterized by thef actthat [a] one or more open- 
ing parts which are used to allow the passage of 
measurement light that optically measures the sur- 
face that is being polished on the above-mentioned 
object of polishing are formed in the above-men- 
tioned polishing body, [b] window plates that are 
transparent to at least the measurement light are fit 
into the above-mentioned opening parts, [c] the sur- 
faces of the above-mentioned window plates on the 
side of the above-mentioned object of polishing are 
recessed with respect to the surface of the above- 
mentioned polishing body, and [d] the above-men- 
tioned window plates are constructed from a plate 
materia! consisting of a plurality of sheets of a trans- 
parent material that can be stripped away. 

10. The polishing body claimed in any of Claims 1 
through 9, which is [further] characterized by the 
fact that the minimum value G of the gap between 
the outermost surface of the above-mentioned pol- 
ishing body and the surfaces of the above-men- 
tioned window plates on the side of the above-men- 
tioned outermost surface is such that 0 pm < G < 
400 pm. 

11. The polishing body claimed in any of Claims i 
through 9, which is [further] characterized by the 
fact that the minimum value G of the gap between 
the outermost surface of the above-mentioned pol- 
ishing body and the surfaces of the above-men- 
tioned window plates on the side of the abovermen- 
tioned outermost surface is such that 1 0 pm < G < 
200 pm. 

12. The polishing body claimed in any of Claims 1 
through 9, which is [further] characterized by the 
fact that the gap G between the outermost surface 
of the above-mentioned polishing body and the sur- 
faces of the above-mentioned window plates on the 
side of the above -mentioned outermost surface 
(the maximum value [of G] in cases where the gap 
G differs within a single opening part or between 
different opening parts) is such that Opm < G ^ (90% 
of the thickness of the polishing body), and the 
thickness t of the above-mentioned window plates 
(the minimum value [of the thickness fl in cases 
where this thickness t differs within a single opening 
part or between different opening parts) is such that 
t £ (10% of the thickness of the polishing body). 
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13. The polishing body claimed In any of Claims 1 
through 12, which is [further] characterized by the 
fact that at least the surfaces of the above-men- 
tioned window plates located on the side of the ob- 
ject of polishing are coated with a hard coating. 5 

14. The polishing body claimed in any of Claims 1 
through 13, which is [further] characterized by the 
fact that the transmissivity of the above-mentioned 
window bodies with respect to the measurement 10 
light is 22% or greater. 

15. A polishing body which is characterized by thefact 
that in a polishing body used in a polishing appara- 
tus [a] which is equipped with [i] a polishing head is 
that holds the object of polishing and [ii] a polishing 
body, and [b] which polishes the above-mentioned 
object of polishing by causing relative motion be- 
tween the above-mentioned polishing body and the 
above-mentioned object of polishing in a state in 20 
which a polishing agent is interposed between the 
above-mentioned: poljshing body and the above- 
mentioned object of polishing, the above-men- 
tioned polishing body consists of a material that is 
transparent to at least the measurement light in or- 25 
der to allow the passage of light used for the optical 
measurement of the polished surface of the above- 
mentioned object of polishing. 

16. A polishing apparatus which is characterized by 30 
the fact that in a polishing apparatus [a] which is 
equipped with [i] a polishing head that holds the ob- 
ject of polishing and [ii] a polishing body, and [b] 
which polishes the above-mentioned object of pol- 
ishing by causing relative motion between the 35 
above-mentioned polishing body and the above- 
mentioned object of polishing in a state in which a 
polishing agent is interposed between the above 
-mentioned polishing body and the above-men- 
tioned object of polishing, the above-mentioned pol- 40 
ishing body is the polishing body claimed in any one 

of Claims 1 through 15. 

17. The polishing apparatus claimed in Claim 1 6, which 

is [further] characterized by the fact that in an ap- 45 
paratus having a function in which [i] measurement 
light is directed onto the object of polishing from a 
light-projecting device via the above-mentioned 
window plates and the above-mentioned opening 
parts, [ii] this light is reflected by the object of pol- so 
ishing, and [iii] the returning light that again passes 
through the above-mentioned opening parts and 
the above-mentioned window plates is received by 
a light-receiving device, the intensity of the.light that 
is received during the polishing operation is 1% or ss 
more of the intensity of the projected light. 

18. The polishing apparatus claimed in Claim 16 or 



Claim 17, which is [further] characterized by the 
fact that the above-mentioned window plates con- 
sist of a resin that has polishing characteristics com- 
parable to the polishing characteristics of the 
above-mentioned polishing body. 

19. A method used to adjust the gap between the out- 
ermost surface of the polishing body (i.e., the sur- 
face that contacts the object of polishing) and the 
surfaces of the above-mentioned window plates on 
the side of the above-mentioned outermost surface 
in a [polishing apparatus] [a] which is the polishing 
apparatus claimed in any one of Claims 16 through 
1 8, and [b] which has a function in which [i] meas- 
urement light is directed onto the object of polishing 
from a light-projecting device via the above-men- 
tioned window plates and the above-mentioned 
opening parts, [ii] this light is reflected by the object 
of polishing, and [iii] the returning light that again 
passes through the above-mentioned opening 
parts and the above-mentioned window plates is re- 
ceived by a light-receiving device; the above-men- 
tioned polishing apparatus adjustment method be- 
ing characterized by the fact that the method in- 
cludes a stage in which the gap between the outer- 
most surface of the above-mentioned polishing 
body and the surfaces of the above-mentioned win- 
dow plates on the side of the above-mentioned out- 
ermost surface is adjusted on the basis of a signal 
measured by the above-mentioned light-receiving 
device. 

20. A method formeasuriog the thickness of a polished 
film or the endpoint of polishing in which polishing 
is performed using the polishing apparatus claimed 
in any one of Claims 1 6 through 19, and the thick- 
ness of the polished film or endpoint of polishing is 
measured using a light signal received by a light- 
receiving device; this method being characterized 
by the fact that the signal measured by the meas- 
urement means that is used to measure the pol- 
ished film thickness or polishing endpoint is not 
used in the measurement of the polished film thick- 
ness orpolishing endpoint in cases where the signal 
measured by the above-mentioned measurement 
means is equal to a signal that is measured before- 
hand and stored in memory. 

21. A polishing apparatus [a] which is equipped with [i] 
a polishing head that holds the object of polishing 
and [ii] a polishing body which is installed on a plat- 
en, and [b] which polish es the above-mentioned 
object of polishing by causing relative motion be- 
tween the above -mentioned polishing body and the 
above-mentioned object of polishing in a state in 
which a polishing agent is interposed between the 
above-mentioned polishing body and the above- 
mentioned object of polishing; this polishing appa- 
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ratus being characterized by the fact that [a] the 
apparatus has [i] one or more opening parts formed 
in the above-mentioned platen, pi] one or more 
opening parts formed in the above-mentioned pol- 
ishing body, [iii] windows which are s 
they block at least portions of the above-mentioned 
opening parts formed in the above-mentioned pol- 
ishing body, [iv] a device which measures the pol- 
ished state by optically observing the polished sur- 
face of the above-mentioned object of polishing via 10 
the above-mentioned windows, and [v] a moving 
device which moves the positions of the above- 
mentioned windows on the surface of the above- 
mentioned object of polishing, and [b] the above- 
mentioned opening parts formed in the above-men- is 
tioried polishing body and the above-mentioned 
opening parts formed in the above-mentioned plat- 
en are superimposed, so that the above-mentioned 
windows are disposed on the above-mentioned 
platen via the above-mentioned moving device. 20 

22. The polishing apparatus claimed in Claim 21 , which 
is characterized by the fact that [the apparatus] is 
further equipped with a device that senses the gap 
between the surfaces of the above-mentioned win- 25 
dows on the side of the above-mentioned object of 
polishing and the polished surface of the above- 
mentioned object of polishing, a device that senses 
the conditions of wear of the above-mentioned pol^ 
ishing body, or a device that senses both the above- 30 
mentioned [gap] and the above-mentioned [condi- 
tions of wear]. 

23. The polishing apparatus claimed in Claim 22, which 

is characterized by the fact that [the apparatus] is 35 
further equipped with a control device that controls 
the gap between the surfaces of the above-men- 
tioned windows on the side of the above-mentioned 
object of polishing and the polished surface of the 
above-mentioned object of polishing. *o 

24. The polishing apparatus claimed in Claim 23, which 
is [further] characterized by the fact that [the ap- 
paratus] has a function which predicts the amount 

of wear of the above-mentioned polishing body from 4$ 
the polishing conditions, polishing time, dressing 
conditions and dressing time, and controls the gap 
between the surfaces of the above-mentioned win- 
dows on the side of the above-mentioned object of 
polishing and the polished surface of the above- so 
mentioned object of polishing. 

25. The polishing apparatus claimed in Claim 23, which 
is [further] characterized by the fact that [the ap- 
paratus] has a function which controls the above- ss 
mentioned moving device so that the gap between 

the surfaces of the above-mentioned windows on 
the side of the above-mentioned object of polishing 



and the polished surface of the above-mentioned 
object of polishing is maintained at a constant value. 

26. The polishing apparatus claimed in Claim 23, which 
is [further] characterized by the fact that [the ap- 
paratus] has a function which controls the gap be- 
tween the surfaces of the above-mentioned win- 
dows on the side of the above -mentioned object of 
polishing and the polished surface of the above- 
mentioned object of polishing in synchronization 
with the rotation of the above-mentioned platen. 

27. A semiconductor device manufacturing method 
which includes the use of at least one of the appa- 
ratuses or methods among the apparatuses or 
methods claimed in Claims 16 through 26 in the 
manufacturing process. 
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